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ABSTRACT
The interaction of the American system of higher

education with the Federal Government represents an exceedingly
complex system that requires considerable study for proper
appreciation and understanding. It is the broad objective of this
report to further such appreciation and understanding specifically
by: (1) developing a profile of the sources of production of
scientific and technological manpower of U.S. universities and
colleges; (2) assembling meaningful data on the nature, level, and
distribution of Federal funds for academic science; (3) evolving and
improving concepts and measuring techniques for ascertaining the
contributions of academic institutions to scientific and
technological manpower resources; and (4) testing a model for the
periodic examination of the relation of Federal funds to academic
science in particular, and to institutions of higher education in
general. (HS)
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FOREWORD

The Dynamics of Academic Science

The interaction of the American system of higher education
with the Federal Government represents an exceedingly

complex system whkh requires considerable study for proper
appreciation and understanding. The National Science Founda-
tion is very much concerned with this interaction and carries out
a continuous program of analysis to obtain a better understand-
ing of the important factors of the Government-university rela-
tionship. This program of evaluation involves both studies which
are financed by the National Science Foundation and are carried
out by non-Government institutions or individuals, as well as
studies carried out by NSF organizational units or individuals
in those units.

The report, The Dynamics of Academic Science," is the prod-
uct of a study carried out by Dr. William V. Consolazio at a
time when he was assigned to the NSF Planning Organization.
The study introduces some novel and useful indices .to relate
such factors as institutional funding, degree production, etc., to
Federal support, and reveals several interesting trends. The con-
clusions reached in the study are those of Dr. Consolazio (arrived
at, of course, after many discussions with other staff members
and interested individuals) and do not necessarily reflect opin-
ions of the National Science Foundation. However, this does
not detract anything from this document, which represents an
important step in our attempt to obtain further understanding
of the dynamics of academic scicnce and the relationship of the
Federal Government to this system.

January 1967

LELAND J. HAWORTH,
Director, National Science Foundation.
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PREFACE

The academic institution probably has contributed more to
science and to learning generally than any other of man's social
inventions. It may be the most vital social force in Western
civilization.

In the United States the institution of higher education is
steeped in a tradition of local autonomy. This localized inde-
pendence now faces new challenges. Under the pressures of a
long-term and persistent economic need, new forms of institu-
tional funding have gained influence and now pose a challenge
to the institution's ability to determine its own destiny. In 1940
Federal funds for higher education were relatively negligible. In
fiscal year 1963 the institutions of higher education in the United
States received in excess of $1 billion in Federal funds for aca-
demic science. This sum constituted about 21 percent of the
total income of the 700 it: stitutions of higher learning receiving
this aid. With what effects?

One approach to an upderstanding of the relationships which
have developed between the Federal Government and the aca-
demic institution is statistical. This approach requires the identi-
fication, characterization, and subsequent analysis of all institu-
tional resources. To accomplish these ends necessitates specialized
economic and educational resource data based upon the aca-
demic institution's total income, the size and character of its
student body (with special reference to graduate students and
students of science) , the size and character of its faculty, and
the nature of its facilities. These are the inputs. There needs
to be, furthermore, some specialized statistical techniques: some
which are now readily available and some which must be fash-
ioned for the purpose. These techniques must seek out the
relationships between an institution's output of trained science
graduates at various academic levels and productivity in science
and technology. With such data and their related analyses, one
may partially gauge the Federal impact on academic science.

If national planning for academic science is to have validity,
then the resources availablemanpoWer, facilities, incomemust
be examined periodically and in a consistent fashion. To plan
sensibly the Nation's educational future, meaningful compari-
sons are required which can be applied to individual institu-



tions and to various classes and types of institutions. In turn,
Federal funds to these institutions must be provided in the light
of such comparisons and such plans.

For much valuable assistance and advice I thank the rnembf..rs
of NSF's Planning Organization and specifically these members
of the Foundation: Charles Cohen, Joyce Flamaty, Nathan Kas-
sack, Richard Mayer, and Dominic Sorrentino. I especially wish
to express my indebtedness to Henry Birnbaum, Charles Falk
and Louis Levin for their contributions to the organization and
review of the manuscript. I am also very much indebted to
my former associatesHarry Alpert, Samuel Aronoff, W!'liam
Colman, Arthur Grad and Alan Watermanfor having read the
manuscript and for many constructive suggestions. Finally, I
want to express my appreciation to Leland J. Haworth, the
Director of the Foundation, for his understanding of the need
for studies of this type and for his encouragement in this effort.

This manuscript is, of course, the effort of one man and sub-
ject to his biases and inadequacies. Thus, the conclusions and
interpretations reached are solely my own and not necessarily
those of the National Science Foundation.

VI

WILLIAM V. CONSOLAZIO,
January 1967.
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I. GLOSSARY OF SPECIAL TERMS

Academic Science: All those aspects of science and technology which
are part of the curriculum, teaching, or study (research) activities
of institutions of higher education, exclusive of the activities of
Federal contract research centers:

AEC: Atomic Energy Commission.
Class A Institution: An institution of higher learning that in academic

year 1962-1963 awarded at least one doctorate in science or engineer-
ing, or at least one doctor of medicine or dentistry.

Class B Institution: An institution that in academic year 1962-1963
awarded at least ate master's degree in science or engineering or at
least one doctor of -veterinary medicine, but no doctorates in science
and technology, nor any degrees in medicine or dentistry.

Class C Institution: An institution that in academic year 1962-1963
awarded at least one baccalaureate in science or engineering, but
neither master's degrees nor doctorates in science and engineering,
nor degrees in medicine, dentistry, or veterinary. medicine.

Class D Institution: An institution that in academic year 1962-1963
awarded at least one baccalaureate in any field of learning but no
degrees in science and engineering, medicine, dental medicine, veteri-
nary medicine, agriculture, or paramedical subjects.

Contract Research Center, Federal: An organization exclusively or sub-
stantially financed by the Federal Government, which in most
instances was established to meet a particular research and develop-
ment need of the Federal establishment. In this instance, it is admin-
istered on a contractual basis by educational institutions.

Degree Accredited Institution: An academic institution granting at
least a bachelor's degree, accredited by a regional board of education
or a national professional society for the year of the study.

DOD: Department of Defense.
EGI (Educational and General Income) (Academic Budget): University

and college income reported or received during the year under study
and used specifically by an institution for educational purposes.
Contract-grant research (science) funds are exduded.

FFAS (Federal Funds for Academic Science): -All direct grant or contract
obligations for fiscal year 1963 of individual Federal agencies in sup-
port of all scientific and technological activities associated with the
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educational process to all degree-granting academic institutions or
individuals associated with academic institutions. Excluded are all
identifiable appropriations for contract. research centers, construction
of graduate and undergraduate facilities, and loans.

MEEU: Medical Education-Engaged University.
NASA: National Aeronautics and Space Administration.
Nonrecipients (Nonparticipants): Academic institutions not receiving

Federal funds for academi science in fiscal year 1963.
NSF: National Science Foundation.
Obligations: Funds for contracts and grants awarded during the year

of the appropriationfiscal year 1963 in the case of the present study.
Other (Agencies): Departments of Interior, Commerce, Labor and

State, Tennessee Valley Authority, and Veterans Administration.
R&D (Research and Development) (Federal): Includes all direct, indi-

rect, incidental, or related costs resulting from or necessary to research
and development, regardless of whether the research and develop-
ment are performed by a Federal agency (intramural) or performed
by a private individual or organization under contract and grant
arrangement (extramural) . The terms research and development
exclude routine product testing, quality control, mapping and sur-
veys, collection of general purpose statistics, experimental production,
and activities concerned primarily with the dissemination of scientific
information and the training of scientific manpower.

Re (Graduate Education Index): A measure of an institution's compara-
tive contribution to graduate educationthe ratio of graduate student
enrollment to total enrollment.

Rfd (Federal Funds Impact IndexScience Education): A measure of the
impact of Federal funds on an academic institution's educational
program (productivity) in science and technologythe ratio of Fed-.
eral funds for academic science to educational productivity in science
and technology (S&T DP) .

Rfe (Federal Funds Impact IndexTotal Income): A measure of the im-
pact of Federal funds on the academic institution as a whole (or
its total income) the ratio of Federal funds for academic science
to the institution's total income.

Rs (Science Education Index): A measure of an institution's comparative
contribution to education in the sciencesthe ratio of an institution's
total educational output in science and technology education (S&T
DP) to its total educational potential (total enrollment) .

S&T DP (Science and Technology. Degree Productivity): A weighted 'sys-
tem of reducing all degrees awarded in science and technology in
terms of a base unitthe bachelor's degree in science and engineering.
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Total Educational income: Theoretically, the total income of an aca-
demic institution from any and all sources available for educational
or scholarly (research) purposes; in reality, the sum of the educa-
tional and general income (EGI) and Federal funds for academic
science (FFAS) .

University: Every institution of higher education associated with grad-
uate or professional education even to and including institutes of
science and technology and/or independent medical colleges.

USDA: United States Department of Agriculture.
USOE: United States Office of Education.
USPHS: United States Public Health Service.

_:4,



II. STATEMENT OF FINDINGS

Objectives

1. Develop a profile of the sources of production of scientific
and technological manpower of United States universities and
colleges.

2. Assemble meaningful data on the nature, level, and dis-
tribution of Federal funds for academic science.

3. Evolve and improve concepts and measuring techniques
for ascertaining the contributions of academic institutions to
scientific and technological manpower resources.

4. Test a model for the periodic examination of the relation
of Federal funds to academic science, in particular, and to insti-
tutions of higher education, in general.

Summary

1. The universe of higher education in the United States in
academic year 1962-1963 consisted of 2,136 institutions-1,442
degree-granting (four-year) and 694 junior (two-year) colleges.
Of the 1,442 degree-granting institutions, 1,257 were accredited.

The 1,063 institutions that are the science education contrib-
uting component of the degree-accredited institutions, constitute
the population of universities and colleges investigared.

2. The study population included 3.4 million degree-listed
students, of whom 370,000 were in graduate studies. The study
group accounted for practically all those individuals who were
awarded bachelor's, master's, and doctorates in science and engi-
neering in the year studied, and all the veterinarians, dentists,
and 95 percent of the doctors of medicine.

3. A total of 711 degree-accredited institutions, two-thirds of
the studied population, received $1.10 billion in Federal funds
for academic science from 13 agencies in fiscal year 1963. This
sum constituted 21 percent of the entire income of the recipient
institutions.

4. Less than 16 percent of the degree-accredited institutions
(166) received 96 percent of the Federal funds for academic
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science. They enrolled 51 percent of the degree-registered stu-
dents and 72.5 percent of all those in graduate studies. They
accounted for 75 percent of the Nation's educational produc-
tivity in science and technology (S&T DP) . They awarded 56
percent of all the bachelor's degrees, 88 percent of all the mas-
ter's, and 99 percent of all the doctorates in science and engi-
neering, as well as 99 percent of the degrees in veterinary medi-
cine, all the degrees in medicine in the study population (95
percent of the total trained in that year) and 95 percent of the
degrees in dentistry.

5. Four hundred sixteen degree-accredited, recipient-of-Fed-
eral-funds institutions, almost 40 percent of the study popula-
tion, received only one percent of the Federal funds for academic
science. They enrolled 22 percent of the degree-registered and
10 percent of all graduate students. They accounted for 11 per-
cent of all the Nation's educational productivity in science and
technology (S&T DP units) . They award ..!cl 20 percent of the
bachelor's and 4 percent of the master's degrees in science and
engineering. They produced, however, only 24 (0.3 percent)
of the doctorates in science and engineering, and none of the
doctors of medicine or dentistry.

6. Private institutions, numbering 229, received $485 million
or 44 percent of the Federal funds obligated for academic sci-
ence. Public insitutions, numbering 354, received $547 million
or 50 percent of the total. Denominational institutions, num-
bering 480, received $67 million, about 6 percent of the Federal
funds.

7. The nonreripient institutions of Federal funds for academic
science, one-third of the study population, totaled 352. They
enrolled 10 percent of the degree-listed and 3 percent of the
graduate students. They accounted for 8 percent of the bache-
lor's, 0.3 percent of the master's degrees, and none of the doc-
torates produced in science and engineering.

8. There were 69 degree-accredited institutions that enrolled
Negro students predominantly. These institutions enrolled 2.7
percent of the degree-registered students; they produced 2.2
percent of the bachelor's in science and engineering, 0.6 percent of
the master's, and 0.1 percent of the doctoral degrees. They re-
ceived 0.5 percent of the Federal funds.

9. There were 80 universities engaged in medical education.
They received 69 percent of the Federal funds for academic
science and they accounted for 43 percent of the educational
and general income (academic income) of the 1,063 universities
and colleges studied. They further accounted for 48 percent of
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the Nation!s productivity (S8cT DP units) in scientific and tech-
nological manpower. They received the bulk of their Federal
support-55 percent of all the Federal funds for academic sci-
encefrom the U.S. Public Health Service.

10. The U.S. Public Health Service obligated 45 percent of all
Federal funds for academic science; the National Science Foun-
dation, 21 percent; and the Department of Defense, 18 percent.
Ten other agencies share the remaining 16 percent.

11. The National Science Foundation was the sole support of
272, and the U.S. Public Health Service of 51 academic institu-
tions. The Foundation supported 648 institutions out of a total
711 receiving Federal funds; the Public Health Service contrib-
uted support to 398 institutions.

Conclusions

Statistically speaking, there appears to be:
1. a direct linear relationship between the Federal funds for

academic science received by academic institutions and their
educational and general income (academic budget) . For every
$10 million universities raised in fiscal year 1963 in academic
income, they raised approximately another $4 million in Federal
funds for academic science.

2. at least two identifiable levels in the graduate-total enroll-
ment characteristics of academic institutions, wherein the eco-
nomics of education show marked shifts. At the upper level insti-
tutions budgeted approximately $12 million of their own for
every 1,000 graduate students enrolled; for every 1,000 science
and technology degree units produced, they budgeted $17
million.

3. a linear relationship between total enrollment and the
academic budget (the educational and general income) and,
similarly, between this same income and institutional commit-
ment to graduate education and the education of scientific man-
power (S8cT DP units) .

4. a direct relationship between Federal funds for academic
science and the number of doctoral degrees produced in science
and engineering. This relationship is a confirmation of the view
that productivity in graduate education in the sciences and pro-
duCtivity of quality academic research are closely related, if not
different faces of the same coin. On the average approximately
$1 million in Federal funds is associated with the award of seven
doctorates in science and engineering.

1.
7
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5. a mutually beneficial relationship between the Federal
Government, as expressed by the funds provided for academic
science, and higher education. The institutions that are the
principal beneficiaries of Federal funds for academic science also
seem to be those that emphasize research and the training of
scientific and technological manpowerespecially at the ad-
vanced degree level. These principal recipients of Federal funds
also contribute their own financial resources in proportion to
their productivity in science education and advanced study.

6. the upwelling of a number of significant problems as a
consequence of this generally mutually beneficial relationship.

a. Patterns of support for academic science have evolved and
developed to a stage where large numbers of universities and
colleges participate marginally or not at all in Federal programs.
These institutions may find it increasingly difficult in the years
ahead to attract competent staff and students.

b. A significant number of major private universities, spe-
cifically those engaged in medical education and science and
technology, receive a substantial proportion of their total in-
comeupwards of 40 percentfrom Federal funds. To a large
degree this Federal income emanates from agencies whose basic
missions are other than those associated with the advancement
of higher education and principally from the U.S. Public Health
Service. It appears that academic institutions may be gravitating
toward an irreversible, economic dependence on the Federal
Government, principally on Federal agencies whose primary sci-
entific and technological objectives are problem solving in the
national interest.



III. AN INTERPRETATION OF THE FINDINGS

State of Statistical Information

An enormous volume of statistical information dealing with
higher education has been examined during this study, but the
data relating to academic science and higher education have
been by no means exhausted. Far too many issues were left
unexplored. Available data were not always precise nor mean-
ingful and large gaps exist in the data banks.

There is a need to reevaluate the totality of information sys-
tems dealing with higher education, academic science, and Fed-
eral funding statistics associated with academic sciencenot only
what is collected and stored, but how it is processed, and made
available. Guidance and leadership, however, must include prob-
lem-oriented specialists and individuals steeped in the traditions
of academic science and higher education. Reform must go to
the roots of data gathering and processing.

The time for such reevaluation is propitious. There is active
participation in academic science and in higher education by
all sectors of the economy. There is a renewed interest by the
Congress and the President in encouraging long-range thinking
on Federal programs and practices related to the strengthening
of academic science and higher education.

There is a need for more precise and a wider range of sta-
tistics on American colleges and universities. More specific infor-
mation is required directly related to the needs of academic
science and the patterns of the relationship developing between
Government and universities and colleges. Required are data
reduced to the Lasic individual bits and stored in systems which
make possible any number of statistical compilations and manip-
ulations. Such basic information must be collected and made
freely available in a fashion that is easily stored, updated and
retrieved.

Statistical Measures for Universities and Colleges

The picture of the academic institution presented here is
more a silhouette than a profile. It is more a -g;-.5.--..plified view



of the university principally, and specifically, the scientific and
technological component. of higher education. It seems obvious
that additional measuring techniques are needed that specifi-
cally delineate the more affluent from the less affluent Class A
institutions, and yield a more precise picture of the Classes B
and C. Certainly more studies are required in depth .and in time.

There are a number of obvious weaknesses in the study due,
in the main, to the statistics used, the principal being enroll-
ment data. Enrollment statistics that combine full- and part-
time student information tend to exaggerate the size of the
urban university--institutions with large evening study programs
and equally large part-time enrollment characteristics. The sub-
stitution of full-time statistics would have skewed the study in the
other direction, by minimizing the size and educational contribu-
tion of these same institutions. Full-time-equivalent data are
equally unsatisfactory, for these statistics, at best, are funda-
mentally guesses.

Despite the constraints placed upon the present study, suffi-
cient value has been demonstrated to make it worthwhile to
consider a continuation and an expansion. The usefulness of
such an expansion is open-ended, ranging all the way from insti-
tution planning to national stock taking in resource allocation.

Gains Attributable to Federal Funds
Federal funds for academic science, on the whole, are primar-

ily appropriated fc;r research and for problem solving in the
national interest. In general, federally sponsored academic sci-
ence is research directed, and to a large degree dominated by
agencies whose objectives are not those principally associated
with advancing or strengthening higher education. Furthermore,
it can be correctly assumed, because peer-merit cystems of deci-
sion making are used in the allocation of Federal funds for aca-
demic science, that federally sponsored academic science, in the
main, is also quality directed. Given these assumptions, one
then may conclude that, on the whole, Federal Tunds for aca-
demic science are quality research directed but to a large degree
restricted to circumscribed areas of academic science.

Since research dollars are obligated principally for the sup-
port of faculty, graduate students, postdoctoral associates, facili-
ties, equipment and supplies, it stands to reason that such sup-
port has its effect on science education at the graduate and
postgraduate levels primarily, rather than at the undergraduate
level. This research by-product (the science education compo-
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nent) , when combined with funds obligated specifically for
education in the sciences, is not insignificant. These funds have a
profound influence at the educational level. They correlate di-
rectly with manpower productivity in science and technology.
(The energetic pursuit by college and university administrators
of an ever-increasing share of both the Federal academic science
and the research and development dollar adds further proof of
the educational value of academic science funds.)

Since, on the whole, the quality-competitiveness of the re-
search supported is basic in Federal funding practices, it may
be assumed further that quality universities engaged in science
and technology are also the principal recipients of Federal funds
for academic science. This assumption is certainly corroborated
by this study, for data indicate that the principal recipients of
Federal funds are also the principal producers of advanced de-
gree manpower in science and technology. In fiscal year 1963,
166 institutions out of a total population of 1,063 degree-
accredited institutions produced 99 percent of all the doctorates
in science and engineering, 88 percent of the master's, 57 percent
of the bachelor's degrees, practically all the veterinarians, doc-
tors of dentistry, and doctors of medicine. These institutions re-
ceived 96 percent of the Federal funds obligated for academic
science. If one grants that this circumscribed group of 166 insti-
tutions includes the major research universities of the Nation,
then their educational product is bound to be of high quality
by virtue of the system of quality-competitiveness in selecting
them for Federal science support. Accordingly, the study rein-
forces the value of the peer-merit system of Federal support to
academic science, for such a method of allocating funds seems to
yield as an important by-product, high productivity and high
qaulity advanced education in science and technology.

Marginal td Nonrecipients of Federal Funds

However, with this success, a number of probiem areas appear
to have developed. There is the failure of 352 institutions of
higher education, the smaller and less affluent, to profit from
Federal funds or participate in Federal science programs. These
institutions appear to make little contribution to graduate edu-
cation or education in the sciences. They, nevertheless, do train
about 8 percent of the baccalaureates in science and engineering:
These nonrecipients of Federal funds lack many of the educa-
tional advantages of thir more prosperous relatives. The finan-
cial and intellectual-educational problems faced by these less
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privileged institutions must not be attributed solely to the lack
of Federal funds. The majority of the nonrecipient institutions,
in the main, face a condition which existed prior to the estab-
lishment of Federal programs in support of science; rather this
condition is the result of long-term cultural, economic, and edu-
cational factors. Few of the nonrecipients, if any, have attained
academic stature in scientific research or science education. Their
financial-intellectual-educational problems have, nevertheless,
been aggravated during the past 10 years. The influence of
Federal funds has tended to make the recipient institutions even
more attractive to faculty and students than their nonrecipient
contemporaries. By increasing the attractiveness of the recipient
institutions, Federal funds are inclined to limit the availability
of quality faculty and students, and in fact, to encourage the
concentration of high-quality people in a limited number of
select institutions.

If one adds to the 10,000 baccalaureates in science and engi-
neering produced by the nonrecipients, the 27,000 of the related
416 institutions that receive some but little Federal aidabout
one percent of the Federal fundsthe number of students ex-
posed to less than the best the Nation has to offer in science
education increases severalfold. These 768 institutions (352 +
416) constitute more than Tip percent of the Nation's accredited
institutions of higher learning granting at least the bachelor's
degree. They trained 28 percent of the bachelor's and 2 percent
of the master's degree graduates in science and engineering in
1962-1963. It might be inferred that most of the 37,000 bache-
lor's and 1,000 master's degree graduates in science and engineer-
ing, the product of the marginal to nonparticipating institutions
in Federal programs, failed to receive an education even ap .
proaching the best the Nation had to offer in the sciences.

The universities and colleges enrolling Negroes predominantly
constitute a special problem. "A not inconsiderable number . . .
struggle along toward the rear of the academic procession.""
They constitute a special problem because their students at best
receive a marginal education in science and technology. Other
sources of higher education are unavailable to these students,
both because of the inadequacy of their previous education and
their financial limitations. Since institutions that enroll Negro
students predominantly will continue for some years to come
as the backbone of Negro higher education in the South, the
problem of raising their educational capabilities is pressing and
immediate.

Within the group of 416 marginally supported institutions
are some rather distinguished liberal arts colleges. Accordingly,
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the references to lack of quality need modification. However,
quality statements related to depth and variety of the curricu-
lum in science and technology still obtain. Those liberal arts
colleges which have accepted educational roles in science and
technology appear to stand high in rank ordering by whatever
criteria used, considering their small enrollment. They are active
participants in Federal programs for academic science and sub-
stantial producers of the baccalaureate degree in science and
engineering. Their educational and general income level is es-
pecially significant in that it indicates a high degree of affluence,
independence, and participation in quality education.

The survival of the liberal arts college, in some respects, de-
pends on the degree to which it can continue to attract suffi-
cient numbers of sophisticated faculty and students in the
sciences. The value gained from the limited statistics available
and the critical and transitional state of liberal arts education
adds a sense of urgency to further exploration of the charac-
teristics, aspirations, and direction of liberal arts institutions.

The educational and fiscal problems of the nonrecipient and
marginally participating academic institutions are not the result
of Federal programs in support of academic science. Basically,
the primary purpose of Federal funds is the advancement of
science and technology in the national interest. If these funds
have an influence on educational institutions, it is because of
the intimate relationships that exist between academic research
and graduate and professional science education. Accordingly,
the failure of Federal funds to reach each and every institution
of higher education should not serve as a basis for criticism of
the present system of dispensing academic science funds. Such
criticism, especially the failure to give aid to the vast population
of smaller and less affluent institutions, can only have validity
if such aid were the prime objective of these funds. There has
been a tendency to hold Federal programs in support of science
responsible for failures that could well be attributed to lack of
local initiative and regional responsibility, and inadequacy of
standards for educational programs.

It is worth reemphasizing that Federal programs in support
of academic science have gained for the United States a position
of world leadership in research." They also have brought high
standards and quality to the Nation's science education and
training programs. Since the basic purpose of the Federal sup-
port program previous to fiscal year 1963 was the funding of
research, and since a large proportion of the program funds
were obligated for problem solving in the national interest, it
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is difficult to understand how issue can be taken with the present
system of funding science because it tends to concentrate the
educational benefits in a limited number of institutions.

Institutions Dependent on Federal Funds
Another problem area associated with Federal support of aca-

demic science is what appears to be a developing irreversible
dependence of the Nation's principal universities on Federal
programs whose funds in support of science and technology are
appropriated for problem solving in the national interest. In
fiscal year 1963, 711 institutions received 21 percent of their total
income from Federal funds for academic science. About one-half
this sum came from one agency, the U.S. Public Health Service,
whose mission is improving the Nation's health. Only 20 percent
of the total Federal funds available came from Federal agencies
whose objectives were principally strengthening academic sci-
ence and higher education.

The bulk of the funds (96 percent) were concentrated in 166
institutionsprincipally the universities. Twenty-two of these
institutions, the Class A private institutions predominantly, re-
ceived 40 percent or more of their total income from Federal
funds. Added to this, is the fact that 35 percent of the total
income of the private and denominational, medical education-
engaged universities came from this same source. That the
private component, of the major advanced degree producer in-
stitutions of scientific /manpower, depends so heavily on Federal
funds appropriated -f6r problem solving in the national inter-
est, is sufficient cause for a reexamination of the Federal system
of support to academic science; it is also cause for the academic
institution to reexamine itself and its relationship to the Fed-
eral Government.

To make matters even more worthy of consideration, the
large dependence of academic science on the support of the U:S.
Public Health Service raises questions concerning the wisdom
of continuing to bias the overall support of academic science
and the related educational sequalae principally in terms of the
interests of one Federal agency. As academic science continues
to increase its dependence on Federal funds, the growth and
development of the edutation component should not become
dependent on support programs that fundamentally fulfill the
objectives of the sponsor, irrespective of how enlightened that
agency's practices may be.
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According to James Perkins:"
It is the casual, unreflective, opportunistic development of interests for
the sole purpose of attracting funds for prestige which obviously violates
integrity.

Allied to this question of academic institution dependence on
one agency, are those that focus on institutional, regional, and
field-of-science distribution of Federal funds. The high level of
funding by one agency, the U.S. Public Health Service, in a
limited number of major universitiesthose principally asso-
ciated with medical educationis one of the reasons for the
present patterns of distribution of Federal funds. All considera-
tions dealing with concentration or distribution of these funds,
whether by region," by activity of science, or by discipline are
weighted by the policies and programs of the U.S. Public Health
Service. The sums made available to academic science by this
one agency are so large, and yet so circumscribed (because of
the nature of their appropriation) , as to affect greatly any
policy considerations related to allocation of scientific and edu-
cational resources and Federal funds. Accordingly, Federal funds
are apt to converge in those areas of science and regions of the
United States where medical education is concentrated.

Federal Funds and The Future of Academic Science

There is no simple answer to such questions. Restricting or
reallocating the problem solving component of Federal funds
for academic science to bring about a more equitable distribu-
tion of funds among Federal agencies, hy fields of science, by
regions, and institutions would do irreparabie damage at this
time to the Nation's basic research and science education pro-
grams. In the first instance the concept "equitable distribution"
too frequently has a personalized and biased meaning. But more
important, academic science and higher education even now are
irreversibly dependent on such Federal funds. The answer cer-
tainly does not lie in a policy that concentrates on institutional
support to the detriment of individual project research support,
for there appears to be too beneficial a secondary effect on insti-
tutional quality resulting from the direct support to scientists
and of research selected solely on the basis of merit. The sup-
port of the institution at the expense of the individual scientist
or project research can do irreparable harm to a system of qual-
ity-competitiveness, whose results are high national standards
for scientific research and for science education. Quality science
education at graduate and professional levels can be pursued
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only after quality research has become fairly well established and
is a normal activity of the academic institution.

The use of Federal funds in support of individual project
research does not seem the proper vehicle for broadening the
institutional and regional base of academic science. Objectives
to broaden the base can be served best by increasing the level
of Federal funds appropriated directly for higher education and
science education, funds specifically for strengthening depart-
ments of science and institutions of higher learning. Programs
are being introduced for these purposes. But in spite of these
accomplishments there is still room for improvement; there is
clearly a need for new and additional forms of support to aca-
demic science. One such system could be a generalized science
education support program based on nor institution's produc-
tivity or potential in science education, W-'th the resources and
the talent available in both Go vo :;:rament id academic insti-
tutions, it should be relatively sixnrAe to develop the necessary
administrative tools and support programs to encourage and
exploit the best in science education and to make quality educa-
tion available to all.

Gerard Piel recently testified:"
. . . as against sotoe simple minded formula based upon population and
income, the availability of financing on the Federal scale invites the most
generous and wise imaginations in American higher education to join in
the framing of new objectives, new standards, and new kinds of fiscal
instrumert ts.

No Federal program in support of academic science, however,
should be undertaken at the expense of existing quality insti-
tutions or by denying adequate financial assistance to productive
scientists. The encouragement of quality, research should con-
tinue to be national policy. The ideal policy for the support of
academic science should continue to be one that strengthens
science quality wherever it is found and that reaches for the
highest of quality standards in scientific research and science
education.
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IV. GOVERNMENT-ACADEMIC SCIENCE RELATIONSHIPS

The Morrill Land-Grant College Act of 1862 set the stage for
the nurturing of academic science by the Federal Government.
The Act donated:

. . . public lands to the several States and Territories which may provide
colleges for the benefit of agriculture and the mechanic arts.

Then for the first time, the Government of the United States,
without fully anticipating the consequences, began influencing
the course and strength of science at universities and colleges.
The intention at that time was not to strengthen academic sci-
ence for its own sake. The Congressional objective was more
practical and immediate. The Morrill Act had as its basic pur-
pose the advancement of agriculture and the mechanic arts for
the very contemporary needs of an expanding Nation.

World War I saw the beginnings of the harnessing of academic
science to serve directly the needs of Government itself. Such
service, however, as university and college scientists could pro-
vide was disassociated from the institution and campus. Aca-
demic scientists went to war, so to speak. They came under
direct military control, either as scientists in uniform or as civil-
ians working for the various military, establishments, such as the
Army Signal Corps, the Navy Bureau of Ordnance, and the Army
Medical Corps. According to Hunter Dupree:

Basic science . . . did not fare well during the war years. Long-range
programs suffered not only in Government bureaus, but also by absorption
of investigators from universities . . . by robbing the colleges, universities,
and industries of trained scientists . . . but at the expense of basic research
and of training new men.

World War II and Its Consequences

Possibly based cn this experience and probably because of the
recognition of the importance of military technology, World
War II witnessed a fuller interplay between the Federal Govern-
ment and academic science through the establishment, by Execu-
tive Order in June 1941, of the Office of Scientific Research and
Development (OSRD) 2 with Vannevar Bush as its Director.
It was to serve:
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. as a center for mobilizing of the scientific personnel and the resources
of the Nation in order to assure maximum utilization of such personnel
and resources in developing ana applying the results of scientific research
for defense purposes.

The magnitude of the Office of Scientific Research and Develop-
ment fiscal operations for its full life (1941-1946) just exceeded
$550 million. Even though this budget was for all research and
development and not restricted solely to academic science per se,
the OSRD's impact on academic science was far-reaching.

The wartime research effort. and in particular the relation-
ships established by the OSRD with academic institutionsfur-
ther developed by the Office of Naval Researchbrought about
a number of significant changes in Government-academic science
relationships, many of which have persisted as po:icies and prac-
tices of the several Federal agencies which currently support
scientific activities. The use of the contract as the basic vehicle
for the conduct of academic research, the fixing of substantive
responsibility upon the individual scientist, emphasis on proj-
ect research, the use of panels of scientists in decision making,
dedication to high-quality researchall these set the tone and
pattern for the present Government-academic science relation-
ships.

The exigencies of war compelled the OSRD to focus on the
applied sciences, especially as they related to the pressing mili-
tary needs of Government. This emphasis on applied science,
to a degree, accounted for its demise almost immediately after
the close of the war. The fact is that it was never intended to
persist as a permanent organization of Government. In 1945
Vannevar Bush advanced the concept of a National Research
Foundation to continue the basic research aspects of the OSRD7-
the strengthening of academic science. His report, Science, The
Endless Frontier,' is a landmark for its vision and its states-
manlike persuasiveness. Under a program for action, Dr. Bush
recommended:

The Government should accept new responsibilities for promoting the flow
of new scientific knowledge and the development of scientific talent in our
youth. These responsibilities are the proper concern of the Government .for
they vitally affect our health, our jobs, and our National security. It is in
keeping also with basic United States policy that the Government should
foster the opening of new frontiers, and this is the modern way to do it.

After a period of legislative soul searching shared by the sci-
entific and academic community, the Congress, and the Presi-
dent of the United States, Public Law 507 of the 81st Congress,
the National Science Foundation Act; became law in 1950. In
the meantime, the Atomic Energy Commission and the office of
Naval Research (ONR) had been established (1946) . By 1950
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ONR had become the dominant force in academic science. The
National Institutes of Health, established in 1930, underwent
marked growth and change during this same period. It had be-
come a leader in the support of medical research; its research
and training programs were already a significant force in the
medical schools of the Nation.

In fiscal year 1951, the year the National Science Foundation
became operational, the Federal Government obligated $172 mil-
lion to nonprofit institutions for scientific research and develo-
ment." These funds, in contradistinction to funds for academic
science (that is, the broad spectrum of research and education
activities) , were fundamentally for research, including plant and
construction. An additional $122 million was obligated to con-
tract research centers. In that year the National Science Founda-
tion received an appropriation of $225,000.

The years 1945-55 were years of preparation, adaptation, and
stabilization for Federal academic science programs. The Office
of Naval Research and the National Institutes of Health ac-
cepted a substantial p,--rt of the burden for the academic sciences
formerly supported by the Office of Scientific Research and
Development. They had expanded their support far beyond the
former OSRD interests. The Atomic Energy Commission did not
become a force in academic science until the turn of the decade,
about 1950. For up until that time the Office cf Naval Research
had either raanaged the Atomic Energy Commission component
of academic science or had been supporting this area with its
own funds. The U.S. Department of Agriculture, the only other
Federal agency with influence in academic science at the time,
continued in its traditional support of university and State ex-
periment stations at support levels similar to those of the pre-
war years.

Between 1945 and 1952 the university research and develop-
ment budget of the Federal Government (including funds for con-
tract research centers) increased from $120 million to $280 mil-
lion.' Probably not more than half of this amount was for the
support of researith at academic institutions.

The Influence of The Sputniks
In 1957 came Sputnik; it created the sort of national con-

sciousness of international competitiveness that usually arouses
a nation to action. Sputnik brought about an awareness of the
needs and value of this country's science and technology, thus
focusing attention on scientific and technological manpower.
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Nicholas DeWitt two years earlier had already documented the
state of Soviet professional manpowere so that, by the time the
Sputnik was orbiting the earth, the Federal Government was tak-
ing steps to raise the quality of United States scientific and
technological education. The years immediately following Sputnik
saw the introduction of programs to upgrade science teachers
(science institutes) and the promotion of programs to draw re-
search talent into the system of science teaching. Mechanisms to
evaluate and revamp teaching in secondary school physics (course
content improvement) were among the many innovations.

Sputnik also brought about a change in the political structure
of the White House. For the first time science was formally repre-
sented at the highest level of Government. James Killian, Presi-
dent of the Massachusetts Institute of Technology, became the first
Special Assistant to the President for Science and Technology.
Following the establishment of the Office of Science Advisor to
the President there was established by Executive Order the Fed-
eral Council for Science and Technology (1959) , later followed by
the establishment of the Office of Science and Technology (Reor-
ganization Act No. 2, June 1962) .

The Present

In fiscal year 1958, the level of Federal funds for support of sci-
ence at colleges and universities proper was $282 million.' It rose
to $802 million in fiscal year 1962, and to $1,178 million in fiscal
year 1964. The so-called total research and development budget
for the Federal Government for fiscal year 1958 was $4.5 billion.
It rose to $10.4 billion in fiscal year 1962, and $14.7 billion in
1964.

It was the billions in the total Federal research and development
budget, especially beginning with fiscal year 1962 ($10.4 ,
that aroused the Congress to the spectacular growth that had
occurred in the Nation's research and development activities. In
that year the National Aeronautics and Space Administration ac-
counted for $1.4 billion of this total $10.4 billion obligated. In
fiscal year 1963 the National Aeronautics and Space Administra-
tion's research and development budget was $2.8 billion, and in
the following year it rose to $4.2 billion. The sudden rise in the
total Federal research and development budget, resulting from
the National Aeronautics and Space Administration's expansion,
exposed a number of problems relating to the character of Fed-
eral science support with which the Congress, the Executive
Branch of Government and the scientific community are still
20

31



wrestling. In 1962 the first major investigation of a Federal re-
search program was instituted by the Congress of the United
States. The investigations whiCh began with those of the U.S.
House of Representatives Subcommittee of the Committee on Gov-
ernment Operations (ihe Fountain Committee) 8 have continued
into this last Congressional year.

To some members of Congress the total Federal research and
development budget became confused with the support of aca-
demic research. The need for recognition of the distinction be-
tween Federal research and development as such and Federal funds
for academic science was underscored by the new Director of the
National Science Foundation, Dr. Leland Haworth, who drew at-
tention to this problem by devoting a significant part of his 1964
message' to a clarification of the issues ii-:ivolved. He asked:

What are the facts? How can the figures ne presented in their proper
perspective?

He then went on to say:
. . the familiar term 'research and development' does not refer to a
single entity. On the contrary, it covers a very broad range of scientific and
technological activities. These activities range from the most fundamental
and basic research to the development of highly complex devices. The con-
venient abbreviation R&D can be dangerous in that it can lead to confusion
and misunderstanding.

In 1963 the Subcommittee on Education and Labor of the
U.S. House of Representatives (the Edith Green Committee) "
published a most informative rep Drt on Federal support to edu-
cation. A part of the report was statistical and focused on Federal
support of science and its effects on higher education. In 1963
an extensive study was undertaken by the Select Committee on
Government Research of the U.S. House of Representatives (the
Carl Elliott Committee) ." Ten reports and a resume were pre-
pared by the Elliott Committee staff; they dealt with the admin-
istration of science and technology, Federal facilities, science
information, student aid, influence of Federal practices and poli-
cies, coordination, and national goals. At about the same time the
U.S. House Committee on Science and Astronautics, and espe-
cially the Subcommittee on Science, Research and Development
(the Daddario Committee) , undertook a series of investigations
on the state of the Nation's science. A number of reports were
issued of which the most significant are those dealing with basic
research and national goals,' " scientific-technical advice for
Congress," geographical distribution of Federal research and
development funds," and a 15-year review of the National Sci-
ence Foundation.' Concomitantly, the Committee on Government
Operations of the U.S. House of Representatives (the Reuss Corn-
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mittee) undertook hearings and prepared a report on research
programs and national goals for higher education."

The Need For A Public Policy for Academic Science
In March 1965 the Committee on Science and Public Policy

of the National Academy of Sciences (the Kistiakowsky Com-
mittee) broke new ground by the preparation of a report for the
U.S. House Committee on Science and Astronautics on basic re-
search and national goals." The 15 separately written essays
appearing in this monograph einphasized the complexity of the
task facing the Nation with respect to p'anning for the support
and promotion of research. Subsequent investigation of the Reuss
and Daddario Committees further emphasized the complexity of
the issues involved in establishing national goals for science.
Much of the testimony before these Committees scored the diffi-
culties in reaching a consensus and the dangers of generalization.
The Daddario Committee" endorsed the views of the National
Academy of Sciences Committee on Science and Public Policy. It
acknowledged:

. . the complexity of the two questions posed for advice, and the diffi-
culties in the way of substantial agreement among the various disciplines
of the scientific community on specifics of these questions. Viewed in this
light, it is understandable that simple, clear-cut answers to these questions
are not likely to appear.

It went on to say:
Nonetheless, answers must be sought.

As a consequence of a number of parallel studies undertaken
by the Executive Branch of Government, the White House, on 13
September 1965, issued the now famous Presidential memoran-
dum"Strengthening Academic Capability of Science Through-out the Country."

This memorandum marked the significance of higher educa-
tion and academic science in fulfillment of the Nation's goals. It
gave direction to Federal policy for academic science, establishingthat:

A strong and vital educational system is an essential part of the Great
Society. . . The strength of the research and development program of the
major agencies and hence their ability to meet national needs, depends
heavily on the total strength of our university system.

The philosophy of the Federal Government has advanced to a
stage where the Establishment is now irrevocably committed tothe support of higher education," to the arts and motmanities,"
and to science and technology. The rise in the Federal research
and development budget, the explosive growth of the techno-
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logical programs of the National Aeronautics and Space Admin-
istration, the confusion of the concepts "research and develop-
ment" and "academic science," the establishment of substantive
committees on science and technology in both houses of Congress,
the expanding role of the White House in science and public
policy, the urgency for strengthening the system of education
and academic science in the United States, all have focused atten-
tion on the need for further elaboration of public policy on aca-
demic science, especially with respect to the role of the Federal
Government and its instrumentalitiesthe Federal agencies.

If the goal to "Strengthen Academic Capability of Science
Throughout The Country" is to be given meaning, it then is
incunibent upon the Nation to appraise, on a continuing basis,
the nature and the needs of academic science.
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V. STUDY CHARACTERISTICS AND CONSTRAINTS

Objectives
This study attempts in a limited way to assemble the perti-

nent academic institutional data, to develop concepts and hy-
potheses, and to provide techniques for examining these data in
terms of a rationale which seeks to elucidate the impact of Fed-
eral funds on academic science and on higher education. To be
more specific, the study objectives are to:

1. assemble meaningful data on the nature and level of Fed-
eral funds for academic science.

2. develop a profile of the sources of production of scientific
and technological manpower of United States universities and
colleges.

3. evolve and improve concepts and measuring techniques for
ascertaining the contributions of academic institutions to scien-
tific and technological manpower resources.

4. test a model for the periodic examination of the relation of
Federal funds to academic science, in particular, and to institu-
tions of higher education, in general.

Even with these limited objectives, the constraints on the
available statistics restrict the extent and scope of this study.
Nevertheless, data have been assembled and developed which make
possible analyses of the support of academic science by Federal
agencies and of the related actirities of institutions of higher
learning in the education of scientists and technologists.

B-asic Premises
The assumption basic to this study is that prior to fiscal year

1963 Federal funds for academic science (especially funds for
academic research) were obligated for research, for other activi-
ties of science, and to scientists on the basis of quality, n----Aom-
inantly. (Since this study was undertaken; a number of science
programming changes have occurred throughout the Federal es-
tablishment.) This assumption bears on the views expressed by-
the Committee on Science and Public Policy of the National
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Academy of Sciences:"
The commitment of large public funds for the support of basic research
in universities has led not only to spectacular growth of the scope of sci-
entific effort but also to advances in quality: American science has reached
a position of world leadership.

Accordingly, the level of scientific support for the universities"
must be assumed to be indicative of the quality of the scientific
research and can, in rough measure, be related to the quality
of the science education and hence the scientific quality of an
institution. These quality inferences, therefore, are drawn from
the level of Federal funds for academic science. (They pertain to
the study period under investigation only.) If such assumptions
and inferences are admissible, then one can invert the process
of deduction and postulate that the quality institutions engaged
in science and technologyprincipally the universitiesreceive
the largest share of Federal funds for academic science.

Academic science and science education although related are
not synonymous. The effect of Federal funds for academic science

f. on science education on the whole has been beneficial and is in
the nature of a bonus. In fiscal year 1963, Federal funds for
academic science directed specifically at science education were
not in large supply, for the bulk of Federal funds obligated were
fundamentally for research. Therefore, though this study seeks
to elucidate the educational relationships and influences of Fed-
eral funds for science, it must be recognized that the impact
(educational gain or loss) can be examined only indirectly. The
relationship is a tangential by-product of a larger program whose
objectives are related but different: the strengthening and ex-
ploiting of academic research.

Most academic research funds are obligated and used to reim-
burse an institution for faculty salaries, postdoctorate associate
stipends, or graduate assistantships, for the purchase of equip-
ment and supplies, and for related indirect costs. Academic
research is an integral part of graduate and advanced science edu-
cation. When research funds contribute to education, the contri-
bution is most apt to be at the graduate and professional levels
rather than at the undergraduate level. The contribution is of
major significance though its effect may not be directly measured.

If it is granted that the quality scientific universities are those
that are the major recipients of Federal funds for academic sci-
ence, and if it can be shown further that these same institu-
tions are also the largest producers of scientific and technological
manpower, especially graduate and advanced degree manpower,
then the study will have demonstrated another and important
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contribution of Federal support programs for academic science
the strengthening of training_in the sciences.

This study undertakes to demonstrate, among other things,
that some institutions (or groups of institutions) of higher edu-
cation by virtue of their educational achievement (characterized
by contributions to higher education, by graduate educat it-
put and capability, and by contributions to education it-. _ce
and technology) attract more Federal funds than do others. fhe
study further seeks to demonstrate that there is a relatively sim-
ple relationship between the level of Federal funds attracted by
an institution and the extent of educational achievement. To over-
simplify the argument: if funds for research are provided by
the Federal Government on the basis of merit, then the amount
of such funds should provide a rough measure of the science
merit of institutions, and, in turn, such a relationship should be
reducible to sets of indices and metrics. A case for such indices
and measures will be proposed. And if such metrics have value,
it should be possible to detect strengths and weaknesses in the
educational fabric, and formulate plans and programs to deal
with problems in the system of science education, particularly at
the advanced study level.

These arguments are specifically, but not exclusively, directed to
a consideration of universities. The liberal arts colleges are not
treated critically in this study on the same terms. On the whole,
they are not major producers of research or of advanced de-
grees in science and technology, although they train significant
numbers of potential scientists and engineers. Neither are they
the recipients of large quantities of Federal funds.

Quality considerations are limited specifically to the assump-
-dons developed in the preceding discussion, and only to academic
institutions in the aggregate. No quality reference is implied with
respect to individual institutions, their faculty, or students. This
inability to deal with individual quality is recognized as a basic
weakness of this and all other statistical studies of a similar
nature.

The Academic Institution
The principal sources for qualifying, classifying, or evaluating

academic institutions are the Office of Education's Education Di-
rectory and the American Council on Education's American
Universities and Colleges."

The academic institutions studied consist of 1,063 accredited
institutions of the United States which granted at least one bac-
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calaureate in the academic year 1962-1963, with these excep-
tions: seminaries and theological schools; maritime and military
academies; specialized professional schools not engaged in scien-
tific education; business colleges; junior colleges; schools of
music, art, fashion, design and theater; and industrial and pro-
prietary institutions.

Accreditation is an instrument by which state, regional, and
national organizationssome educational and others substan-
tiveevaluate and qualify educational institutions. According to
the Education Directory, institutions qualified by one or more
accrediting bodies are said to be accredited. Accreditation and
degree-granting characteristics were employed to qualify and de-
limit the population of institutions in order to create a man-
ageable and meaningful group of institutionsmeaningful in the
sense that they contribute or produce something positive to higher
education for society generally or for science and technology
specifically.

A new system of classificatiom of universities and colleges based
on the education and training of scientists and technologists is
introduced in this study in contradistinction to the more gen-
eralized classification method emp.loyed by the Office of Educa-
tion." Academic institutions are grouped into four classes accord-
ing to the level of scientific and technological education (in the
academic year 1962-1963) The classification system is based on
data sources of the Office of Education,' the American Medical
Association," and the American Dental Association."

Class A: Institutions of higher learning that awarded at least
one doctorate in science or engineering, or at least one doctor of
medicine or dentistry. (The choice of the word class in no way
implies quality or value.)

Class B: Institutions that awarded at least one master's de-
gree in science or engineering or at least one doctor of vet-
erinary medicine, but no doctorates in science and technology,
nor any degrees in medicine or dentistry.

Class C: Institutions that awarded at least one baccalaureate
in science or engineeTing, but neither master.'s degrees nor doc-
torates in science and engineering, nor degrees in medicine, den-
tistry, or veterinary medicine.

Class D: Institutions that awarded at least one baccalaureate
in any field of learning, but no degrees in science and engineer-
ing, medicine, dental medicine, veterinary medicine, agriculture,
or paramedical subjects.

Academic institutions are also classified according to the con-
trolling body or responsible governing bodyprivate, public, or

28



denominational. The legal control of an institutionnot the sup-
port or affiliationas reported by each of the institutions, is the
factor determining an institution's designation according to the
Education Directory. Public institutions may be municipal,
county, district, State, regional, or Federal in control. Private in-
stitutions are those institutions that are independent of church
or local, State, and national government, even though there may
be some affiliation or legal connection. Their legal control is pri-
vate; their board of trustees is usually a self-perpetuating body.
Denominational institutions are also private, but their legal con-
trol is centered in a church or religious group, order, or organiza-
tion. (Institutions controlled by such organizations as the Friends
Society or the Young Men's Christian Association are here
classified denominational.) There were a number of institutions
wherein the control was mixed, e.g., Pennsylvania State Univer-
sity and Howard University. They were classified according to
their principal source of supportpublic in both the above in-
stances.

In many cases there are notable differences in student body,
faculty, curricula, level of education, and income between private
institutions of higher learning and their counterparts, the de-
nominational institutions. The denominational institutions make
up about one-half of the degree-accredited academic institution
population; the vast majority tend to fall within the liberal arts
college group. An additional large number of the nonaccredited
degree-granting institutions (those not studied here) also may
be denominational in control. It is the consensus that these de-
nominational institutions as a group now yield limited contribu-
tions to advanced education and to education in the sciences, but
they are potential resources for science-education growth in the
Nation.

Two additional variant segments of the degree-accredited aca-
demic institution population also were studied. They are the in-
stitutions engaged in medical education and those predominantly
enrolling Negroes. There has been reason to suspect that medical
education-engaged academic institutions as a group are the great-
est recipients of Federal funds for academicscience and that
they, in turn, are the highest producers of scientific manpower.
It has also been suspected that academic institutions enrolling
Negroes predominantly are at the other end of the spectrum
those least involved in academic research (as measured by level
of Federal funds) , and those least involved in advanced educa7
tion in the sciences. Accordingly, measuring devices were sought
to test these hypotheses.

29

33



A surprisingly puzzling question was: What is an academic
institution?" The guidelines established in the Office of Educa-
tion's Education Directory were carefully followed except in cases
of institution complexes. In such cases the rule followed was to
preserve the identity of the institution basic subunit especially
when the subunit was clearly on its own and separately admin-
istered, c.g., Pomona College of the Claremont Graduate School
and University Center complex, or the University of California
at Berkeley of the multiversity system of the University of Cali-
fornia. If, on the other hand, the complex was still in the forma-
tive stage, as in the case of the emerging Duluth campus of the
University of Minnesota or that of the Milwaukee campus of
the University of Wisconsin, and if the resource data were not
available or only partially available for the emerging unit, the
complex was treated as a single entity, e.g., the UniVersity of
Minnesota or the University of Wisconsin.

The Substance of Academic Science
The concept academic science adopted here is fundamentally

that developed in "Sustaining Academic Science, 1965-1975." "
The substantive aspects include those undertakings in science
and technology which are part of the curriculum, teaching, or
study (research) activities of institutions of higher learning.
Naturally such activities are educationally related. Briefly stated,
the concept embraces all aspects of science and technologymathe-
matics, physical, life, social, and engineering sciences as sup-
ported by the National Science Foundation," and medicine,
paramedic:ne, veterinary medicine, dentistry, and agriculture.

Federal funds for academic science include all those activities
associated with research, science education and training, science
information, science development, institutional base grants, and
contract funds. They do not include those scientific activities
associated with loans; neither do they include activities associ-
ated with obligations for plant and construction, nor with funds
for contract research centers.' Specialized facilitiesaccelerators,
oceanographic and space facilities, computers, biotrons, etc.
and their bricks and mortar counterpart are included within
the concept of academic science; graduate and undergraduate
facilities are not included. The bricks and mortar component of
specialized facilities is not separated for at best it would have
been the result of an arbitrary decision of an administrative or
fiscal office of the supporting agency, and, therefore, such re-
finement would have added little of value to the study.
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Federal funds for academic science constitute the direct grant
or contract obligations of individual Federal agencies in support
of science to academic institutions or individuals associated with
academic institutions. Accordingly, all science and technology
fellowship and training programs and their cost-of-education
allowance are charged as obligations to the institution hosting
the fellow or administering the grant. Funds associated with activ-
ties dealing with upgrading science and mathematics curricu-

lum and education methodology and technique are included,
though it is recognized that a number of the curriculum study
grants" contracted for with universities and colleges are located
within particular institutions merely for convenience. But
since a number of these studies contribute directly to the educa-
tional life of the grantee institution, the inclusion of these data
are considered to be more, rather than less, proper. Financially,
the total is not very large, so that at those institutions where
the study is located for administrative convenience, the discrep-
ancy is not too distressing.

All the activities of science and technology included within
the boundaries of academic science as defined in this study prob-
ably contribute to the advancement of academic science and
technology. The definitions of "basic" science and engineering
imposed by the grant support characteristics of the National
Science Foundation" and the addition of medicine, paramedi-
cine, dentistry, veterinary medicine, and agriculture create a suf-
ficiently broad umbrella to cover just about every area and
activity of science and technology associated with academic in-
stitutions.

The largest single portion of Federal funds for academic sci-
ence comes from the U.S. Public Health Service, and a signifi-
cant amouat comes from the U.S. Department of Agriculture.
In this study, medicine, paramedicine, dentistry, veterinary med-
icine, and agriculture are included as a part of the life sciences
just as engineering is included as part of the physical sciences.
The financial contributions made to these activities are exam-
ined as are the related manpower characteristicsthe scientists
and technologists, doctors of medicine, paramedical specialists,
veterinarians, dentists, and agriculturists.

Funding Characteristics

The fiscal data" assembled are principally of two typesaca-
demic science support by Federal agencythat is by Federal
source; and academic institutioneducational and general
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income (EGI) by individual college and universitythat is by
academic user or performer. Federal fun& for academic science
(FFAS) data for the fiscal year 1963 are reported by support
agency and by class and control of individual universities and
colleges (Table A-1) . The educational and general income,"
which is exclusive of all grant-contract research funds, is for the
academic year 1962-1963, and is used here as the inszitution's
education expenditurethe academic budgetfor the year (Ta-
bles A-1, A-2) .

The educational and general income is the university and
college income reported or received during the year under study
and used specifically by an institution for educational purposes.
It includes all income derived from investments, as well as
direct municipal, State, or Federal " appropriations to that insti-
tution for educational purposes; it includes student fees and
gifts or appropriations for- capital purposes and/or operational
purposes. It excludes grant-contract research (science) funds,
auxiliary income (income from sales, student rental fees, etc.) ,
student aid, and income specifically earmarked for endowment.

The educational and general income, when added to Federal
funds for academic science, serves as a measure of an institution's
financial resources for research and education (total institutu-
tional income) .

Federal funds are used as a mez6u-ri.- vif. an institution's total
contribution to research, in lieu of tue grant-contract research
(science) funds requirement." Fortunately, non-Federal grant-
contract research funds and Federal funds for education in the
year stnclied are sufficiently sparse so as to give meaning to the
substitution.

The source of the educational and general income statistics
in all but a few cases was the 9til edition of American Colleges
and Universities." In a number of cases dtese data were not
available. In Class A institutions where EGI data were not avail-
able, the information was obtained directly from the institution.
In the other classesB, C, and DEGIL estimates of some 25
institutions were made, based on enrollment data. In each case,
where estimates were made, they are so indicated (Tables A-1
and A-2) . Analyses based on estimates were considered prefer-
able to the exclusion of any institutions from the study.

Construction funds, in the sense of bricks and mortar, where
identifiable (graduate and undergraduate facilities) , are ex-
cluded so as to avoid the statistical perturbations caused by non-
recurring obligations dealing with Federal funds for academic
science. All identifiable contract research center data also were

32



excluded from the study, though it was recognized that some
components of contract research centers and others in their
entirety' contribute to the education process. The decision
taken to eliminate such data was based on the fact that the
principal objective ef most of the contract centers is to meet the
special needs of the Federal agency providing the support, hence
their contributions to science education are generally peripheral.
Extracting the pertinent educational component of Federal
funds from the research centers associated with educational insti-
tutions would have been almost impossible. On the other hand,
contract centers are so few and usually so large that their educa-
tional impact can be ascertained, if needed, by individual case
study.

Federal funds data were procured. principally from the annual
reports of Federal agencies, nnd, in a few instances, from special
reports prepared for the Congress or directly from other official
sources of pertinent Federal agencies.

The obligations ascribed to the Department of Defense (DOD)
are incomplete.34 The DOD reports depended upon, stated
that the compilation contained "awards of $10,000 or more to
U.S. institutions." The missing elements probably do not affect
appreciably the DOD and Federal funds total. The missing parts,
however, may distort those analyses which deal with the Federal
support to the less affluent institutions, and, as a consequence,
may not adequately reflect the Defense Department's contribu-
tion to the liberal arts colleges and to the smaller institutions
of higher education.

Recently the U.S. Office of Education (USOE) has become a
.significant factor in Cie support of higher education. Unfortu-
nately the data assembled here reflect only the beginning of the
USOE expansion period; they, accordingly, should be consid-
ered only with these limitations in mind.

Thirteen Federal agencies reported programs in support of
academic science in fiscal year 1963. The major support agencies
were the Department of Defense (DOD) , the National Aeronau-
tics and Space Administration (NASA) , the Atomic Energy
Commission (AEC) , the U.S. Public Health Service (USPHS) ,
the National Science Foundation (NSF) , the Office of Educa-
tion (USQE) , and the Department of Agriculture (USDA) . The
other six agencies which provided lesser support for academic
science are classified as "Other." They were the Departments
of Interior, Commerce, Labor, and State, the Tennessee Valley
Authority, and Veterans Administration.
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Manpower Characteristics

The manpower input and productivity" measures most relied
upon to weigh the size of an institution and its participati.on in
and/or contribution to higher education in general, and science
education in particular, are the well-established statistics devel-
oped by the Office of Education for the academic year 1962-1963.
They deal with total enrollment," graduate enrollment," and
numbers of degrees granted in science and engineering and in
veterinary medicine." These manpower statistics are augmented
by those for doctors of medicine made available by the Ameri-
can Medical Association," and those for the doctors of dentistry
based on studies of the American Dental Association."

Faculty statistics, which exist in quite some detail for some
institutions, especially universities, would have been most help-
ful in ascertaining quality in education. A measure of the ratio
of the number of students to faculty might also have been in-
formative. Unfortunately, a significant part of the data avail-
able is much too unreliable. There is both a lack of definitional
uniformity and inadequate coverage of the institution universe.
Postdoctoral data would also have contributed to the considera-
tion of quality in science education. Such data as exist are inade-
quate. The fact of the matter is that statistics in this area will
become available only when there is agreement on what consti-
tutes a postdoctoral associate. There is no doubt that high
concentrations of postdoctoral associates are characterist:: of
those institutions at the cutting edge or frontier of scientific
inquiry. Accordingly, the statistic could be of value in quality
determinations.

Dealing with more than 1,000 institutions, which are categor-
izable into four classes and three legal entities, makes tabulation
comparisons for quality or quantity an exercise in futility. In
spite of thi-, t.he need to know an institution's total output in
education and how it allocates its own educational resources is
fundamental to any appraisal of the educational establishment.
How it divides its energies and efforts between undergraduate
and graduate activities and between science and technology and
other academic activities is basic and essential to the pursuit .of
this study. This need far outweighed the disadvantages. Accord-
ingly, a metric was introduceda standard for measuring man-
power productivity at all levels of science education.

In order to put together such a metric, a scale was required
for computing the institution's total ouput or its total produc-
tivity in science and technologythe reduction of all degrees in
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science and technology into- a unit system based on a common
denominator. The most logical base for expressing science and
technology manpower productivity is, of ceurse, the bachelor's
degree in science and engineering. Accordingly, a weighted sys-
tem of reducing all degrees awarded in science and technology
in terms of the bachelor's degree in science and engineering
was instituted." ,

The scale adopted--the science and technology, degree produc-
tivity unit (S&T DP) refers to the baccalaureate degree in
science and engineering as the base. This bachelor's degree was
assigned the base value of one. The final numerical assignments,
accordingly, are 2.2 S&T DP units for the doctor of veterinary
medicine, 2.5 for the master's degree in science and technology,
4.0 for the doctor of medicine and the doctor of dentistry, and
4.5 for the doctor of science and engineering.

Comparative Measures (indices) of Institutional
Productivity and Federal Influence

To place the academic institution in proper perspective with
respect to productivity in higher education, with-, particular ref-
erence to the sciences, requires an appraisal of_ its contributions
to the national specialized manpower pool. Absolute data on
size, productivity, and affluence only partly satisfy the require-
ments for such an appraisal, for they give .no clear measure of
an institution's relative. (comparative) position in the academic-
scientific community. In order to compare the resource utiliza-
tion and productivity characteristics of one institution to -those
of another, and in order to consider their comparative contribu-
tions and potential, yardsticks are required in the form of
ratios and/or indices. Only in a comparative sense will it be
possible to give meaning to an institution's contribution to the
Nation's trained manpower pool, especially to the graduate
and advanced levels of science and technology.

The most obvious and simplest measurement to derive is an
index that measures an institution's comparative contribution
in graduate education. To fulfill this requirement it is just' nec-
essary to construct a ratio that includes the tet ms denoting
gradute and total enrollment.

Re, the graduate education index," is, accordingly, a measure
of an institution's comparative contribution or the extent to
which it contributes or participates in graduate education in
comparison to its total educational potential. It is defined as the

4 5
35



ratio of graduate student enrollment (GE) to total enrollment
(TE) ; Re = GE/TE.

There is also a need to know to what extent an institution
contributes or participates in science education. A meaningful
index can be constructed that relates total productivity (quan-
tity) in science education to total enrollment (potential) . Again
total enrollment is used as a measure of an institution's total
educational capability. The weighted productivity measure of
education in the sciences (S&T DP) appears to satisfy the man-
power output requirement in science and technology, for it is
an integrated expression of the various levels of degrees
granted in the sciences.

Rs, the science education, index," is, accordingly, a measure
of an institution's comparative contribution (the allocation of
educational resources) to education in the sciences. It is defined
as the ratio of an institution's total educational output in science
and technology education (S&T DP) to its total educational
potential in terms of enrollment (TE) ; Rs= (S&T DP) /TE.

With respect to a measurement of the impact or influence of
Federal* funds on the academic institution, two alternatives exist.
One is a comparison of Federal funds to total institution obliga-
tions or income, and the other is a comparison of Federal funds
to an institution's productivity in science and technology.

As with the derivation of Re, so with the derivation of an
expression that measures impact in terms of monies. An expres-
sion embodying both total institutional income (EGI .+ FFAS)
and Federal impact (FFAS) seems to contain the basic ingredients
that satisfy the requirements for ascertaining the force of the
Federal impact on the totality of institution fiscal obligations or
contributions to higher education.

Rfe, the impact index (total income) " is, accordingly, a
measure of the inipact or relative weight of Federal funds in
terms of an institution's total income according to the following
ratio: Federal funds for academic science (FFAS) to the insti-
tution's income (EGI + FFAS) ; Rfe = FFAS/ (EGI FFAS) .

The constraints inherent in the expression Rfe (the expres-
sion EGI + FFAS in the true sense is not a ineasuve of insti-
tion size or its intellectual contribution or participation in
higher education) encourage the exploration of other compara-
tive systems of measuring the influence of Federal funds on the
academic institution. Unfortunately, the only other index pos-
sible at this time is the one that is based on an institution's
total educational contribution in science and technology. An
expression that contains the terms Federal funds and educa-
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tional output in science and technology can be fashioned. Fed-
eral funds, as with the index Rs, again is made to serve as one
leg of the expression. The science and technology degree pro-
ductivity unit (S&T DP) appears to satisfy the requirement for
the institution's output in science education.

Rfd, the other impact index (science education) ," is, accord-
ingly, a measure of Federal impact or contributions to the insti-
tution's educational productivity in science and technology. It
is defined as the ratio of Federal funds (FFAS) to the academic
institution's educational productivity (output) in science and
technology (S&T DP) ; Rfd = FFAS/ (S&T DP) .

The constraints inherent in the R indices (see Footnotes 39
to 43) are elaborated to show that there is an element of soft-
ness in the measures proposed, and also to focus attention on
the constraints themselves. The intent is to encourage further
sharpening of definitions and concepts and the attainment of
fuller coverage of educational and research funding statistics.
It is even now possible to sharpen the R indices, especially Re
and Rs. Re can be modified to reflect more precisely both the
total number of students enrolled and those enrolled in gradu-
ate study. Full-time student or full-time-equivalent statistics can
be substituted. Rs can be retained as is, or modified to reflect
more precisely the institution's contributions to graduate educa-
ti-in in the sciences. By introducing more precise values for cost
of education into the derivation of S&T DP, it and the derived
Rs and Rfe can be sharpened to become more meaningful and
representative of the resources and forces being quantified.

These measuring devices can be made more specific and pre-
cise, and others can be fashioned but only if the base of the
data bank is broadened and if more reliability is built into die
academic science and higher education statistics.

47 87



VI. THE ACADEMIC INSTITUTION AND ITS RESOURCES

The Universe of Higher Education

The system of higher education in the United States in the
academic year 1962-1963 consisted of 2,136 institutions, divided
into 1,442 degree-granting and 694 junior colleges (Table 1) .
This system enrolled 4.4 million Qudents, of whom 375,000 were
committed to graduate studies. In the same academic. year the
system produced 134,000 graduates with bachelor's degrees,
27,000 with master's degrees, and 7,970 with doctorates in sci-
ence and engineering (Table 2) . It also produced 820 veterinar-
ians, 3,180 dentists, and 7,270 doctors of medicine.

The 1,442 degree-granting institutions further subdivided into
1,257 accredited and 185 nonaccredited institutions: Of the 1,257
accredited degree-granting institutions, 1,063 constituted the
academic institUtion population selected for this study.

The study population of 1,063 institutions included 50 per-
cent of all the institutions of higher learning and 74 percent
of the degree-granting institutions in the United States. This
study group enrolled 3.4 million degree-registered students in
academic year 1962-1963 (Table 1) , excluding correspondence
students, and 370,000 in graduate studies-78 percent of the stu-
dents enrolled in higher education, 96 percent of those in accred-
ited degree-granting institutions, and 99 percent of all the
graduate students enrolled. These same institutions accounted
for 99 percent of all the bachelor's and master's degrees awarded
in science and engineering in the year studied (Table 2) , and
practically all the doctorates. They further accounted for all
the veterinarian and dental degrees awarded, and 95 percent
of all the degrees in medicine.

Only 1,866 bacheloi.'s (1.5 percent) and 267 master's degrees
(1.0 percent) uanted in science and engineering in the aca-
demic year studied were excluded. The individuals represented
by these degrees were principally the graduates of proprietary
and military institutions, such as the General Motors Institute,
the U.S. Military Academy or the U.S. Naval Postgraduate
School. Since these institutions are fiscally self-sufficient, their
educational product in no way effects the study objective&
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Table 1.Enroliment and Degrees Granted by All U.S. Institutions of
Higher Education in Academk Year 1962-1963

Number of
Institutions

Enrollment

Total
Graduate
Degrees

All Institutions of Higher Education 2,136 4,400,030 375,118

Degree-Granting 1,442 3,585,110 375,118

Accredited, included in study 1,063 3,425,456 369,964
Accredited, excluded from study 194 83,213 4,506
Nonaccredited, excluded from study 185 76,441 648

Non-Degree-Granting (excluded from study) 694 815,190 0

Accredited 410
Nonaccredited 284

PERCENT

Degree-GrantingPercent of all
Higher Education 67.5 81.5 100.0

Accredited, included in study:
Percent of degree-granting 73.7 95.6 98.6
Percent of all higher education 49.7 77.8 98.6

Accredited, excluded from study:
Percent of degree-granting 13.5 2.3 1.2
Percent of all higher education ^ 1 1.9 1.2

Nonaccredited, excluded from study:
Percent of degree-granting 12.8 2.1 0.2
Percent of all higher education 8.7 1.7 0.2

Non-Degree-Granting (excluded from study) 32.5 18.5 0

AccreditedPercent of non-degree-granting 59.1
NonaccreditedPercent of non-degree-

granting 40.9
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Table 2.Total Degrees Granted in Science and Technology in the
United States in Academic Year 1962-1963

BA MA PhD DVM MD DDS

Accredited institutions
included in study 132.46 26,761 7,963 823 6,873 3,181

Percent of total 98.6 99.0 100.0 100.0 94.6 100.0

Accredited institutions
excluded from study 1,866 267 2 0 392 0

Percent of total 1 3 1 .0 0 0 5.4 0

Nonaccredited institutions
excluded from study 63 0 0 0 0 0

Percen4 of total 0.1 0 0 0 0 0

Total 134,365 27,028 7,965 823 7,265 3,181

.

A Profile of the Degree-Accredited Institutions

The study population is made up of 169 Class A institutions,
197 Class B, 651 Class C, and 46 Class D (Table 3) . With re-
spect to legal control, the population consists of 229 private,
354 public, and 480 denominational institutions.

Class C institutions are the most numerous. They make up
61.3 percent of the population of accredited degree-granting
institutions. Class B, the next most numerous, accounted for 18.5
percent; Class A, 15.9 percent; and Class D, the smallest group,
4.3 percent. Class D institutions by definition are those institu-
tions granting no degrees in science or technology.

The Class A institutions enrolled the bulk of the Nation's
degree-registered students. They accounted for 1.7 million stu-
dents-49.7 percent of all the students in the study population.
Class A institutions also enrolled the bulk of the graduate stu-
dent population; they accounted for 264,000-71.3 percent of
all the graduate students.

Class A institutions are by far the largest institutions; their
average enrollment is 10,100 students. They are also the largest
in terms of average graduate enrollment (1,600 graduate
students) .

Class A institutions further participate to the highest degree
in graduate education The Re value (graduate education in-
dex) for Class A institutions is 0.155. Class C institutions, as is
to be expected, contributed the least in graduate education Re
is 0.027.
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Denominationally controlled, accredited, degree-granting in-
stitutions are the most numerous. These institutions n'imber
480, and they constitute 45.2 percent of the study group. Pri-
vately controlled institutions are the least numerous; they make
up 21.5 percent of the total studied.

The publicly controlled institutions enrolled the largest pro-
portion of the degree-regis'.ered student body-2.1 million stu-
dents, 60.1 percent of the total student study population. The
remaining 40 percent of the student study group is about
equally divided--19.3 percent were enrolled at denominational
and 20.6 percent at private institutions.

Publicly controlled institutons also enrolled most of the grad-
uate student population-216,000 (58.3 percent) . The denomi-
nationally controlled institutions, on the other hand, enrolled
only 10.6 percent of the total graduate population.

With respect to size, as measured by total enrollment, the
publicly controlled institutions stand first. On the average they
enrolled about 5,800 students per institution, about twice the
number enrolled by the average private institution (3,100) and
more than four times the number enrolled by the average de-
nominational institution (1,400) . The public institutions also
are largest when measured in Walls of graduate enrollment.
But here the difference between private institutions and public
is noi: as large as is the case with total enrollment. Public insti-
tutions average about 600 graduate students per institution,
while privately controlled institutions average about 500. The
denominational institutions average about 80 graduate students
per institution.

Public institutions contribute most to the Nation's graduate
student pool (58.3 percent) . Private institutions, however, had
the largest proportion of students enrolled in graduate educa-
tion (Re = 0.162) . The denominational institutions fall far
behind both-10.6 percent of the Nation's graduate pool and a
rather small effort in graduate education (Re = 0.059) .

Class A institutions accounted for 74. 5 percent of the Nation's
total educational productivity in science and , technology in the
academic year 1962-1963-207,000 S&T DP Units. Class B and
C institutions accounted for 14.1 percent and 11.4 percent, re-
spectively. Class D institutions by definition are noncontributors
to the science and technology degree pool.

Class A institutions awarded 54.9 percent of all the bache-
lor's degrees, 85.6 percent of the master's degrees, and all the
doctorates in science and engineering. They also granted all the
doctor of medicine degrees in the study population, all those
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in dentistry, and 99, percent of the degrees in veterinary medi-
cine. Class B institutions awarded 22.1 percent of the bachelor's
and 14.4 percent of the master's degrees in the sciences. Class C
institutions, as per definition, awarded only baccalaureates in
science and engineering-23.9 percent.

Class A institutions contributed more of their Ain educa-
tional effort to science and technology than did any other class
of institution. The Rs value (science education index) for Class
A institutions is 0.121; for Class B, 0.044; and for Class C, 0.039.

Public institutions were the major contributors to the Nation's
educational pool in science and technology (158,000 S&T DP
units, 57.0 percent of the total) in academic year 1962-1963.
Private institutions contributed about one-hhlf this effortA3.9
percentand the denominational institutions, the least-14.1
percent.

Public institutions awarded the bulk of the bachelor's degrees
in science and engineering in the year studied, 55.8 percent; of
the master's degrees, 61.0 percent; and of the doctorates, 58.9
percent. Public institutions also graduated 87.0 percent of the
veterinarians, 53.5 percent of the doctors of medicine, and 48.2
percent of the doctors of dentistry. Although denominational
institutions are the most numerous (480) , they contributekl the
least to education in the sciences. They accounted for only 14.1
percent of the degree units produced in science education. Their
contribution to graduate education in science /and engineering
was also the lowest; they accouuted for 3.2 percent of the doc-
torates in science and engineering. The Rs value for denomi-
national institutions (0.059) is also quite low when compared
to a Rs of 0.113 for private, and 0.077 for puNic institutions.

Class A public institutions appear to carry the brunt of the
Nation's load in higher education; they also carry the heaviest
load in education in the sciences (Tables C-1, C-2) . Class A
public institutions enrolled 33 percent of an the degree-regis-
tered students and 38.9 percent of all the enrolled graduate
students. They accounted for 45.8 percent of all the science and
technology degree units (S&T DP) produced in the year studied.
They awarded 36.8 percent of the bachelor's decrrees in science
and engineering, 52.1 percent of the master's, and 58.9 percent
of the doctorates. They also accounted for 87 percent of the
veterinarians trained, 53.5 percent of the doctols of medicine,
and 48_2 percent of the doctors of dentistry.

But it is the Class A private institution that scored highest in
the graduate education indexRe = 0.236. This same type of
institution was also the largest participant in educa tion in the.
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sciences as demonstrated by a science education index (Rs) of
0.154. These two values can be interpreted to mean that of the
Nation's institutions of higher learning, Class A private insti-
tutions are the most highly committed (in terms of their total
educational potential) to graduate education and to education
in science and technology.

Class B, C, and D institutions totaled 894; they make up
about 85 percent of the degree-accredited institutions. They
were, for the most part, not as deeply involved in science educa-
tion as were the Class A institutions. They enrolled 50 percent
of the total degree-listed students but accounted for only about
25 percent of the total S&T DP units. They did, however, con-
tribute 46 percent of the bachelors in science and engineering.

The Rs value (science education index) of 0.026 for Class C
public institutions is the lowest of all institution types studied,
indicating a low order of association with science education.

The Economks of Higher Education

There were 19 institutions that reported academic budgets
in excess of $40 million (Table 4) . These 19 institutions en-
rolled 13.0 percent of all degree-registered students in the study
population and 24.8 percent of the students enrolled in gradu-
ate training. They also accounted for 24.1 percent of the educa-
tional productivity in science and technology (67,000 S&T DP
units) . They budgeted 23.9 percent of all the funds committed
to higher education (educational and general income) .

There were 179 academic institutions-17 percent of the study
populationwith budgets in excess of $5 million. These insti-
tutions accounted for $3.13 billion or 72 percent of the total
academic income. They enrolled 60 percent of the total student
body and 81 percent of the graduate population. They accounted
for 78 percent of the Nation's educational contribution to sci-
ence and technology (215,000 S&T DP units) for the year stud-
ied. They awarded 62 percent of the bachelor's degrees in sci-
ence and engineering, 89 percent of the master's, and 98 percent
of all the doctorates.

The remaining 884 institutions, those with academic budgets
of less than $5 million, comprise 83 percent of the institution
study population. They enrolled 40 percent of the total student
body, but only 19 percent of the graduate population. They
accounted for 28 percent of the total academic budget, and they
produced 38 percent of the bachelors in science and engineering.
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For a better understanding of the economics of higher edu-
cation the academic budget was examined in terms of three meas-
ures of institutional concern with higher educationLotal enroll-
ment (Figure 1) , graduate enrollment (Figure 2) , and science
education (Figure 3) . The scatter diagrams are representative
of the Class A institutions only (169) , and so are the least squares
regression lines; the class interval points represent the means
of the 1,063 universities and colleges (Table 4) . These averages
are rank ordered by the educational and general income. (A
few of the individual institution points at the upper levels of
funding were not included for graphic-representational reasons.)

The correlation coefficient for the relationship total enroll-
ment to the academic budgetTE = 3400 + 390 (EG1 in mil-
lions) is 0.79. Sixty-three percent of the variations in the total
enrollment data for Class A institutions can be accounted for
by this expression.

The correlation coefficient for the relationship graduate
enrollment to the academic budgetGE =200 + 80 (EGI in
millions) is 0.75. Fifty-six percent of the variation in graduate
enrollment for Class A institutions can be accounted for by the
expression above.

The correlation coefficient for the relationship education pro-
ductivity in the sciences to the academic budgetS&T DP =-
210 + 60 (EGI in millions) is estimated to be 0.90, Eighty

Figure I.The Relationship of Total Enrollment to the Educational and
General Income for Class A Institutions
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Figure 2.The Relationship of Graduate Enrollment to the Educetional
and General Income for Class A Institutions
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percent of the variations in degree productivity units for Class
A institutions can be accounted for by the S8cT DP expression.

Although. each of the correlation coefficients are within ac-
ceptable limits, the S8cT DP-EGI relationship shows up best.
The class interval data means for the total population of uni-
versities and colleges on the whole seem to fit th regression lines
for each of the projections very nicely, except in the case of
Figure 1. An exponential curve could be drawn through the
class interval data for the total enrollment-academic bildget
relationship.

It is obvious that there is considerable scatter for the indi-
vidual Class A institution points plotted for each of the three
figures, especially for those points at the upper levels of the
academic budget. But this is not unexpected, for the universi-
ties represented by these points are among the most highly indi-
vidualistic academic institutions of the Nation, if not in the
world. To complicate matters further, the Class A population
of universities studied is composed of three distinct groups
public, private, and denominationaleach with unique charac-
teristics of its own, varying widely in their association with un-
48



Figure 3.The Relationship of Science and Technology Degree
Productivity to the Educational and General Income for

Class A Institutions
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dergraduate, graduate, and science education and scientific re-
search. The total enrollment data also complicate matters
because of the inclusion of the_.part-time element, and to make
matters still worse, the educational and general income data
are not always compatible with expenditure. It is truly remark-
able that the correlations turned out as well as they did. It is
also not surprising that the correlation coefficient for the degree
productivity unit relationship to the academic budget turned
out better than the others. The S&T DP metric was introduced
in the hope of establishing an integrated measure, at least indic-
ative of total educational productivity in the sciences.

No inference is intended that the institutional budget is in-
fluenced primarily by any one or all three variables investigated.
An educational institution's business is much too complex for
such simple deductions. However, the interpretation can be
made that the relationships showing the highest correlations
may be more reflective of the principal business of an academic
institution, and consequently may serve as a measure of its level
and degree of commitment to education or its economic needs.
The data plotted in Figure 1 leave it unclear whether the EGI-
TE relationship is exponential or linear. However, this is not
the place to argue this point, since both EGI and TE data
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contain elements of uncertainty. At any rate, all three relation-
ships relating the academic budget to enrollment characteristics
and educational productivity are sufficiently interesting to war-
rant further study of these and related phenomena.

In seeking a further understanding of the relationship be-
tween the academic budget and the enrollment characteristics of
institutions of higher education, it was logical to probe into the
relationships between Re, the graduate index, and the educa-
tional and general budget (EGI) The result is the exponential
relationsbip depicted in Fieure 4. The plot is a slightly smoothed
represemation of the class interval means of the 1,063 univer-
sities and colleges ranked by EGI (Table 4) . The curve has a
relatively sharp change in slope at the Re values between 0.10
and 0.15, and EGI values between $7 and $20 million. This
unorthodox plot' indicates that there appears to be a level in
institutional enrollment characteristics, wherein the institution's
fundino- behavior chano-°es markedly. The level of maximum
rate ofchange in slope for Figure 4 falls somewhere below the
100th institution rank-ordered by the academic budget, well
within the Class A

°oroup
of institutionsthose clearly associ-

ated with graduate andprofessional education.
Two conclusions may be drawn from this p!ot: (1) that the

funding-educational dynamics of the first 100 institutions
(ranked by size, budget, graduate program, etc.) are quite dif-

ferent from the other 1,000, and (2) that total enrollment is
not the principal force or the only measure in education dy-
namics determinative of fiscal requirements. There is the likeli-
hood that estimates based on total enrollment data may even
yield erroneous answers if used to ascertain the fiscal needs of
institutions heavily committed to graduate and advanced educa-
tion.. The evidence makes it appear more than likely that, at
some value level in Rethe graduate indexit is the graduate
phase of higher education that is principally determinative of
education budget policy; that at some critical level in an insti-
tution's evolution (from emphasis on undergraduate education
to increasing identity with graduate studies) , it faces a radical
and major policy change in fiscal practice& Certainly the evidence
in Figure 4 militates against the use of total enrollment as a
measure or as the principal factor in setting budget policy of
the larger more affluent institutions.

If the evidence submitted (Figures 1, 2, 3, 4) and the chain
of reasoning developed is admissible, one may tentatively make
further interpretation& For it appears that once institutions
embark on programs of advanced education they seem to re-
quire about $12 million in educational and gerleral income for
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every 1,000 graduate students enrolled. This relationship seems
to be independent of the size of the total student body at some
critical enrollment level. One can go one step further by specu-
lating that institutions engaged in science education appear to
require about $17 million in the educational and general in-
come for every 1,000 S&T DP units committed to education in
the sciences. Neither of these figures is to be interpreted strictly,

of course. The educational and general income is a function of

a number of institutional activities other than graduate educa-
tion and education in the sciences. But as a first approximation
to an understanding of educational dynamics and economics,
these numbers do give one an order of magnitude and a rule
of thumb with respect to the requirements and the costs of
graduate education and education in science and technology-

It appears that the fiscal behavior of colleges and universities
is size dependent. However, at the more advanced levels of
higher education, it seems that graduate, professional, and sci-
ence education are the more likely determinants of the academic

Figure 4.The Relationship of the Educational and
General Income for Universities and Colleges

to the Graduate Education Index (Re)
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budget. It also appears that the universities (Class A institu-
tions) are the major producers of trained manpower, especially
at the professional and graduate levels, and that it is these
same institutions that train the bulk of the Nation's scientists
and technologists, especially at the graduate and professional
degree levels. (Class A institutions are expected to dominate
the educational picture with respect to the award of doctorates
in science and engineering, the doctor of medicine, and the doc-
tor of dentistry because of definitional constraints.) It further
appears that the universities are the major generators and users
of academic funds. A fairly direct relationship seems to exist be-
tween academic banding and institutional contribution to sci-
ence education, and between funding and institutional effort in
graduate education.
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VII. PA1TERNS OF FEDERAL FUNDS FOR ACADEMIC
SCIENCE

Distribution by Agency
Thirteen Federal agencies obligated $1.10 billion for academic

science in fiscal year 1963 (Tables 5 and 6, A-1, A-2, C-3) They
were the U.S. Public Health Service$500 million (45.4 per-
cent) ; the National Science Foundation$227 million (20.7 per-
cent) ; The Department of Defense$199 million (18.1 percent) ;
the Atomic Energy Commission$62 million (5.7 percent) ; the
National Aeronautics and Space Administration$42 million
(3.8 percent) ; the U.S. Department of Agriculture$42 million
(3.8 percent) ; the U.S. Office of Education$20 million (1.8
percent) ; and six "Others"$7 million (0.7 percent)

The data can be considered to be fairly reliable (Table C-4) .4'
The reported total for Federal funds for academic science is
about 17 percent higher than the total reported for Federal
funds for research and development to colleges and universi-
ties proper. This difference is about right, for about 20 percent
of Federal funds for academic science are for the science edu-
cation component.

To put this study in proper perspective, and to provide a
point of reference, the following statistics dealing with Federal
support are noted. In fiscal year 1963, the total Federal research
and development budget for colleges and universities proper
was $850 million. In the same year, total Federal obligations
for research and development to colleges and universities (in-
cluding contract research centers) came to $1,500 million. Fed-
eral obligations for total research and development totalled
$12,500 million and the total Federal budget (net) $94,700 mil-
lion.. In fiscal year 1963 Federal funds for academic science obli-
gations amounted to about 9 percent of the total research and
development budget and L2 percent of the total Federal budget.

The obligated $1.10 billion in Federal funds for academic
science went to 711 institutions out of a population of 1,063
accredited, degree-granting universities and colleges in the
United States. These 711 institutions received a total of $5.15
billion (EGI + FFAS) in the same year, comprised of $4.05
billion in educational and general income and $1.10 billion in
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Federal funds for academic science. Federal funds for academic
science contributed 21-4 percent (Rfe) to the total research
and education budget of the 711 institutions in the study popu-
lation r,ceiving Federal funds.

The United States Public Health Service contributed $500
million or 45.4 percent of the total Federal support to academic
science in fiscal year 1963. The U.S. Public Health Service
ranked first among the Federal agencies supporting academic
science. Its support was approximately twice the size of the next
highest contributor to academic sciencethe National ScienCe
Foundation. The Foundation contributed $227 million, 20.7 per-
cent of the total. The Department of Defense followed with
$199 million, 18.1 percent. These three agencies contributed 84.2
percent of the total$926 million; ten others contributed 15.8
percent.

Federal Funds by Institution Class and Control
In fiscal year 1963 $1.05 billion was obligated to 169 Class A

institutions (Tables 5, C-3) . These institutions received 95.1
percent of the total Federal academic science funds; 46.6 percent
of this came from the U.S. Public Health Service. The National
Science Foundation and Department .of Defense followed with
18.8 and 18.4 percent respectively. The three-agency total equaled
83.8 percent of the $1.05 billion obligated to Class A institutions.

Class B institutions, numbering 197, received $37 million or
3.4 percent of the total; 53.5 percent came from the NSF. The
USPHS contributed 21.5 percent, the DOD 15.6 pereent. The
remaining 9.4 peicent was distributed among the other ten
agencies.

Class C institutions, numbering 651, received $16 million or
13 percent of the total. The NSF contributed the bulk of the
Federal support to this class-70_2 percent; the USPHS contrib-
uted 20.4 percent.

Private institutions, numbering 229, received $485 million in
Federal funds for academic science. This group accounted for
44J percent of the total. They received their principal support
from the USPHS, which accounted for $222 million or 45.9 per-
cent of the funds obligated to this private group of institutions.
The Department of Defense contributed the next largest amount,
22.8 percent; it was followed by the NSF with an additional
18.8 percent.

Public institutions, numbering 354, received $547 million in
FFAS; they accounted for 49.8 percent of the total. They also
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received their principal support from the USPHS, amounting
to $236 million or 43.1 percent of the obligated FFAS. Three
agenciesthe USPHS, DOD and NSFaccounted for 80.1 per-
cent of the funds obligated to public institutions. The U.S. De-
partment of Agriculture contributed 98 percent of its academic
science funds to this one group.

Denominational institutions, numbering 480, received $67
million in Federal funds for academic science, equivalent to 6.1
percent of the total. These institutions also received their prin-
cipal support (61.4 percent) from the USPHS.

Federal Funds by Level of Support

Fourteen institutions received in excess of $20 million per
institution. These 14 received a total of $394 million or 35.8
percent of the total Federal funds (Table C-5) The USPHS
contributed 43.4 percent of the funds received by this group of
14 (Table 6) ; the DOD, 25.0 percent; the NSF, 19.3 percent.
The other ten agencies shared the remaining 12.3 percent.

An additional 15 institutions received sums ranging between
$10 million and $20 million, a total of $209 million or 19.0
percent of the whole.

One hundred twenty-nine institutions received between $100,-
000 and $500,000 in FFAS, for a total of $28.9 million or 2.6
percent of the whole. The NSF contribution amounted to 63.3
percent of the total; the USPHS, 22.6 percent; and the DOD,
53 percent.

Four hundred sixteen degree-accredited institutions received
between $1,000 and $100,000 in Federal funds, for a total of
$11.4 million. The National Science Foundation contributed
74.3 percent and the US. Public Health Service 20.1 percent.

The first 29 institutions ranked by Federal funds received
sums in excess of $10 milliona total of $603 million or 54.8
percent of the total obligated.

The first 166 institutions rank-ordered by Federal funds re-
ceived in excess of $500,000 per institution, a total of $1.06 bil-
lion or 96.3 percent of the total funds obligated.

Five hundred forty-five institutions received a total of $40.3
million in Federal funds (3.7 percent of the total obligated)
ranging from $1,000 to $500,000.

Three hundred fifty-two institutions, 33.1 percent of the
degree-accredited institutions, received no Federal funds for
academic science.
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Federal Funds and Multiple Support
of Academic Science

As stated in the preceding section, 352 institutions receiyed no
Federal funds for academic science. An additional 332 institu-
tions received support from one agency only, and 151 institu-
tions received support from two only (Table 7) . The rest, num-
bering 228, received support from at least three agencies. Of
these, 113 institutions received some support from at least six,
and of this last group, 31 received support from all eight (the
"Other" category counts as one) . These same 113 institutions, as
one might expect, are those that rank the highest by level of
Federal funds.

These results indicate that the institutions at the higher end
of the academic science support spectrum have not become one-
agency dependent for their Federal support- The more affluent
and major producers of advanced education scientists and tech-
nologists tend to be found at the upper end of the rank spec-
trum; they also appear to be the major beneficiaries of pluralistic
support_ They appear to have a wide latitude of choice respecting
source of support and to be the beneficiaries of a broadly based,
multiple support system.

But multiple support per se is not of great consequence, unless
considered in conjunction with the size and the order of mag-
nitude of the total and principal support_ For although the uni-
versities and colleges receiving the major share of Federal funds
receive this support from the largest number of Federal agencies,
basically, their principal and major support for academic sci-
ence comes from one Federal agency. The U.S. Public Health Serv-
ice not only is the principal source of funds for Federal academic
science (45.4 percent of all FFAS) , it is also the principal Fed-
eral influence in the first 150 institutions rank ordered by Fed-
eral funds (Table C-6) . It is the major Federal influence in all
but ten of the first 50 insututions (rank ordered between $6.3
million and $42.5 million in Federal funds) . Similarly, it is also
the major influence in the next 50 institutions_

The National Science Foundation is an important influence from
about the 150th institutionthose institutions whose upper limit
of FFAS support is about $2.7 million_ It is the major force in
the support of academic science throughout the remainder of the
study population_ The Foundation's influence upon the less afflu-
ent universities and colleges is very great as contrasted with the
influence of the other Federal agencies on this same segment of
higher education. These institutions, however, lie at the lower level
of the Federal support spectrum.
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Table 7.Frequency With Which Academic Institutions Receive Multiple
Support From Funds for Science by Federal Agencies

Support
Number

Institutions
Support
By Only

Number
Institutions

By All 8 Agendes1 31 DOD 2
By Any 7 Agendes 51 NASA 0
By Any 6 Agencies 31 AEC 3
By Any 5 Agendes 28 USPHS 51_

By Any 4 Agendes 28 NSF 272
By Any 3 Agendes 59 USOE 4
By Any 2 Agencies 151 USDA 0

OTHER 2 0
NONE 352

1. OTHER. is counted as one agency, accordingly, ALL refers to eight and not thirteen-
2 OTHER includes six agencies: Department of Interior, Commerce, Labor, and State, Ten-

nessee Valley Authority, and Veterans' Administration_

All agencies, with the exception of the National Science Foun-
dation and the Office of Education, obligated more than 95 per-
cent of their fiscal year 1963 appropriations for academic sci-
ence to Class A institutions (Tabie C-3) - The Foundation obli-
gated 86.1 percent of its appropriation to Class A, 8.8 percent
to Class B, and 5.1 percent to Class C. The USOE obligated 92.1
percent of its academic science funds to Class A and 6.7 percent
to Class B, but its total obligation for academic science for .:he
year under study was only $19.7 million.

Of the 711 universities and colleges receiving Federal funds for
academic science in fiscal year 1963, the NSF supported 648 in-
stitutions-91 percent of the Federally supported and 61 percent
of the degree-accredited institutions (Table C-7) The US.. Pub-
lic Health Service made financial support available to 398 institu-
tions, to 56 percent of the support-receivino- population and 37
percent of the study population. The U.S. Oefice of Education and
the Department of Defense followed with 186 and 185 institu-
tions, respectively. The U.S. Department of Agriculture limited
its support to 57 institutions. The Department of Defense record
is not complete for the DOD did not report institution obliga-
tion data of less than $10,000..

The National Science Foundation is the sole source of Federal
support for the largest number of universities and colleges in.
this study population of 711 institutions. It singly supports 272
institutions (Table 7) other Federal agencies combined are
single support factors in 60 other cases. In almost every case
where total Federal support comes from a single agency, the
sum is usually of a low order of magnitude and under these Cir-
cumstances single agency support is about all that can reasonably
be expected. The single agency support issue, therefore, loses its
significance.
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The data suggest that Federal funds for academic science reach
a rather wide population of universities and colleges, more than
'700, although the bulk of these funds (95 percent) is obli-
gated to the Class A institutions (universities) . A large number
of institutions (30 percent) , principally of the Class B and G
types, receive no Federal support. The data further suggest that
the U.S. Public Health Service is the dominant force (45 per-
cent) in Federal programming for academic science, at least in
terms of the level of Federal support. The data also suggest
that the National Science Foundation is the agency most broadly
based in its support practices, reaching 90 percent of the insti-
tutions receiving Federal support.

It seems that the funding practices of the Federal agencies are
sufficiently broad and pluralistic to make it possible for the
major recipients of Federal fundsthe larger and more affluent
institutionsto have a wide latitude of choice respecting the
source of Federal support. However, although the system of Fed-
eral support is essentially pluralistic, in that 13 Federal agen-
cies support academic science, one agency supplies the major
funding (45.4 percent) . It further follows that only 20 percent
of the Federal support for academic science comes from those
agencies whose principal role is strengthening academic science
and higher education. Therefore, although institutions appear to
have a wide latitude of choice respecting sources of Federal sup-
port, such sources of support to a very large degree are restricted
to agencies that support science in fulfillment of specific objec-
tives, and the motivation, if not the orientation of the science
supported, tends to become problem-solvingin the national in-
terest sensein nature.

60



VIII. THE IMPACT OF FEDERAL FUNDS ON THE
ACADEMIC INSTITUTION

The Academic Budget and Federal Funds
The relationship between Federal funds for academic science

and the educational and general income for Class A institutions
(Figure 5) appears to be linear. The class interval mean points
(Tables C-8, C-9) for all 1,063 universities and colleges, rank
ordered by the educational and general income, appear to fit
rather nicely on the least squares regression line. The correlation
coefficient for the relationshipFFAS = 140 360 (EGI in
millions) is 0.74. Fifty-five percent of the variation in Federal
funds can be accounted for by the expression above. (A few points
representative of those institutions at the upper levels of funding
again were excluded for reasons of convenience.)

The scatter for this projection appears no better or worse than
it is for the data plotted in Figures 1, 2, and 3. Again, the
scatter seems to be greater at the upper levels of funding, and
again, this is not unexpected. In this group are some of the great
institutes of science and technology and a number of the great
universities, many of which seem to be heavily committed to
medical education, and all of which, highly dependent on Fed-
eral funds. This dependence in some few cases is at a sufficiently
high level where the Federal funds component surpasses the in-
come raised from all other sources.

At any rate, the relationship FFAS to EGI appears to be funda-
mentally linear. The slope of the line seems to indicate that in
fiscal year 1963 the universities raised approximately $4 million
in Federal funds for academic science for every $10 million they
raised in educational and general income.

Federal Funds and Productivity in Science Education

To explore further the educational dynamics of universities
and colleges, the methodology used in investigating the relition-
ship educational budget to graduate index (Figure 4) was once
again employed. The relationship of educational productivity in
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Figure 5.The Relationship of Federal Funds for A idemic Science to
the Educational and General Income for Class A Institutions
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science and technology (S&T DP) to the Federal impact index
(Rfe) (Figure 6) was explored, and so was the relationship
Federal funds for academic sciencein this case used as a mea-
sure of the level of scientific researchto the science education
index (Rs) (Figure 7) These relationships, as with that ex-
plored in Figure 4, also appear to be exponential. Again as with
Figure 4 the projections are class interval means (Tables 4, 6,
C-8, C-9) .

The projections (Figures 6 and 7) give added strength. to .the
hypothesis advanced in section VI that in terms of the budget-
ing-educational characteristics of institutions, they appear to fall
into at least two distinct groups. The inference was drawn that
the group at the higher end of the budget-enrollment spectrum
(Figure 4) , appeared to be heavily committed to graduate edu-

cation. The data plotted in Figures 6 and 7 allow the continuation
of this hypothesis and the additional inference that these institu-
tionsat the higher end of the (graduate) education-affluence
scaleare those more closely identified with research and science
education, especially at the graduate and professional levels. It is
quite obvious that there are a large number of institutions that
fall between these two extremes. They pose the question: Are
they in a state of equilibrium= part way between undergraduate
and graduate education, or are they in the process of leaving the
one and moving into the other? The methodology (Figures 4, 6,
7) appears to offer a mode for further exploring the phenomena
of the changing, evolving academic institution of higher educa-
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Figure 6.The Relationship of Degree Productivity in Science and
Technology in Universities and Colleges to the Federal Funds

For Academic Science Impact Index (Rfe)
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tion. But speculation aside, in the population of 1,063 insti-
tutions studied, there appear to be at least two groups of insti-
tutions readily identified by their educational-fiscal behavior. Atthe one extreme is a group associated with great affluence, and
closely identified with scientific research, science education, and
graduate and professional studies.

But the most important question still remains to be answered.Is there a relationship between Federal funds for academic sci-
ence and the academic institudon's output in science education?It seems that there isat least at the advanced degree level.
The relationsh:p between Federal funds and doctoral degrees
awarded in science and engineerino appears to be linear (Figure
8) . The correlation coefficient for Se relationshipS&E PhD's = 5
-I- 7.0 (FFAS in millions) is estimated as 0.85; seventy-three
percent of the variations in doctoral degrees can be accounted
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Figure 7.The Relationship of Federal Funds for Academic Science in
Universities and Colleges to the Science Education Index (Rs)
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for by the equation. To make matters even more comforting, the
class interval averages (Table C-5) also fall nicely on the same
regression line.

The individual 169 Class A university- points show no more
scatter than -is the case in some of the earlier scatter diagrams.
Where the scatter is greatest, at the upper end of the produc-
tivity spectrum, it is to be expected, for again the institutions
at the upper end of the quality-productivity dimension of scien-
tific research-science education, are -.those that are the most highly
individualistic- Considering the fact that this population -contains
a mixture of the great institutes of science and technology and
a number of the great -universities highly committed to medical
research and education, the level of compatabilitythe correla-
tion coefficient, 0.85between, degrees awarded and Federal funds
is truly remarkable. It -is also quite apparent that further in-
vestigation of this interesting relationship is in order.
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Figure 8.The Relationship of Science and Engineering Doctoral
Degrees to Federal Funds for Academic Science for

Class A Institutions
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From the regression line, one can estimate that each $1 mil-
lion in Federal funds for academic science appears to be asso-
ciated with the education -of 7 doctorates in science and tech-
nology_ This inference does not imply that each $1 million in
Federal funds is responsible for the training of 7 doctoral candi-
dates. A sum this large, however$140,000 per doctoral award
cannot escape influencing the envir,.-)nmertz for the training of
these scientists and engineers.

There is no correlation between thc production of medical and
dental degrees and Federal funds for academic science (Table
C-5) This, lack of correlation is not unexpected for it is tradi-
tional for medical and dental schools to limit the number of stu-
dents enrolled and graduates produced irrespective of the insti-
tution's investment in education_ Approximately 150 graduates
per year appear tO be the- upper limit for most universities, and
it is rare that this number is exceeded. The wide variation in
medical school funding probably reflects the level and quality
of scholarship and the quality and type of graduates rather than
number. High-cost medical schools are apt to be distinguishable
more by their concentration on the training of medical scientists,
medical specialists, and the future professors of medicine, than
on the training of general practitioners.
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The next question also naturally ft:snows. What sort of rela-
tionships obtain for Federal funds and degree productivity in sci-
ence and technology at the bachelor's and master's degree levels?
The class interval plots for all 1,063 universities and. colleges
(Table C-5) (Figure 9) indicate that these relationships are
also essentially linear, but that the linearity is not quite as clear-
cut as it is for the doctorate relationship. (A least squares re-
gression analysis wasn't attempted in this case because of both
the lack of time and the suspected remoteness of the relation-
ship.)

These two plots which appear, to manifest themselves as
shaped curvessingle "s" for the bachelor's and multiple for the
master's degreeconfirm the earlier hypothesis that there are a
number of levels of institutional and Federal funding. In one in-
stance (Figure 7) Federal funding appears to be associated with
the degree of institutional involvement in science education. How-
ever, a more likely interpretation for the projections in Figure 9
is that the relationships depicted are fundamentally reflections of
institutional productivity at the doctorate level. It can be shown

Sgure 9.The Relationship of Federal Funds for Academic Science in
Universities and Colleges to Degrees in Science and Technology
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that high doctorate producing institutions are apt to be those
that are the high producers of the bachelor's and master's de-
grees (Table 3) . This is especially true for the Class A public
institutions where high doctorate productivity is associated with
high productivity at both the bachelor's and master's degree
levels. At any rate, the relationships depicted in Figure 9 leave
room for considerable speculation and uncertainty, thus encour-
aging the further exploration of the relationships of Federal
funds to educational productivity at all levels of Science educa-
tion.

The preceding evidence leads one to the following summary:
Federal funds for academic science appear to be directly

proportional to:
1. institutional investment in education (EGI) .

2. institutional commitment to graduate education.
3. institutional educational productivity in science and

technology (S&T DP) .

4. doctoral production in science and engineering.
One may also conclude that doctorate degree production and

educational productivity in science and technology are closely
allied to the quality and the level of scientific research, and that
academic research and graduate education in science are different
faces of the same coin. One may further conclude that graduate
education in the sciences, especially at the doctorate level, exerts
a profound effect on the academic institution's fiscal behavior.

Federal Funds and Institution Types

Class A institutions, numbering 169, received $1.05 billion-
95.1 percent of all Federal funds for academic science (Tables
5, 8, C-3) . The denominational component of Class A institu-
tions, numbering 24, received $52 million-4.7 percent of the
total; the private component, numbering 52, received $469 mil-
lion-42.6 percent; and the public component, numbering 93, re-
ceived $525 million-47_7 percent.

The public component of Class B, numbering 114 institutions,
received the principal share (more than 50 percent) of the $37
million obligated to Class B. It received $19 million-51.1 per-
cent of the class total, and 1_7 percent of the total Federal obli-
gations_

Denominational institutions of the Class C component of institu-
tions, numbering 404, received the major share of the funds ob-
ligated to Class C. But they received only $7.5 million to-
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tally, 45.8 percent of Class C and 0.7 percent of the total Fed-
eral funds obligated.

Class A institutions received on the average, $6.2 million in
Federal funds per institution; Class B averaged $190,000; Class
C, $25,000; and Class D, $4,000.

Class A private and public institutions, together numbering
145, received the bulk of both Federal funds (90.3 percent) and
the academic budget (61.9 percent) . This group of 145 institu-
tions also trained 96.8 percent of the doctorates in science and
engineering, 87.1 percent of the doctors of medicine, and '77.2 per-
cent of the doctors of dentistry.

Private Class A institutions are the most highly favored of the
classes studied, with respect to the receipt of Federal funds. The
Rfe value for this group is 0.353, indicating that 35 percent of
the group's total income comes from Federal funds for academic
science. This private Class A group of institutions also made the
largest contribution in terms of its total educational effort in
graduate education. Its Re (graduate education index) value
turned out to be 0.236 (Re for the study population is 0.108) -
Private Class A institutions also devoted more of their educa-
tional effort to science education than did any other groupthe
Rs (science education index) value is 0.154; Rs for the study
population is 0.081.

Fourteen institutions, 1-3 percent of the study population, re-
ceived in excess of $20 million per institution and enrolled
296,000 students of whom 65,000 were in graduate studies. The
student body of these 14 institutions constituted 8_6 percent of
the total student population studied and 17.6 percent of those
graduate-enrolled (Table C-5) These same 14 institutions re-
ceived 35.8 percent of the Federal funds. They accounted for 10_5
percent of the bachelors, 23.7 percent of the masters, and 36.2
percent of the doctorates produced in science and engineering_
They also graduated 21.3 percent of the veterinarians, 18_0 per-
cent of the doctors of medicine, and 14.1 percent of the doctors
of dentistry. They accounted for -18.0 percent of the Nation's
educational effort in science and technology_

One hundred sixty-six institutions received 96.3 percent of
Federal funds; they enrolled 50.9 percent of the students in,the
study population and 72_5 percent of the graduate students_ They
accounted for 75.4 percent of the Nation's educational effort in
science and technology.. They graduated 55.6 percent of all bache-
lors in science and engineering, 87.7 percent of the masters, 98_9
percent of the doctorates, 98.9 percent of all the veterinarians, all
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the doctors of medicine in the study population, and 95.1 percent
of the dentists.

Five hundred forty-five institutions, 51.3 percent of the degree-
accredited institutions, received as little as $1,000 and not more
than $500,000 in Federal funds. This group of 545 institutions
received 3.7 percent of the total Federal funds obligated; they
produced 1. percent of the doctorates in science and engineer-
ing; they enrolled 38.7 percent of all the degree-listed students,
and 24.4 percent of those enrolled in graduate education- They
accounted for 26.1 percent of the funds in the academic budget .
and for 20.8 percent of the Nation's effort in science education.

Seven hundred eleven degree-accredited institutions received
all the Federal funds for academic science obligated in fiscal
year 1963. They made up 66.9 percent of the institution popula-
tion in 'the study. They produced all the doctorates and mas-
ters in science and engineering; they produced all but 7.7 per-
cent of the baccalaureates in science and engineering, and all
the doctors of medicine and dentistry and all the veterinarians.
They accounted for 96.2 percent of the Nation's effort in science
education and 93.1 percent of the academic budget-

Three hundred fifty-two institutions, 33.1 percent of the de-
gree-accredited population, received no Federal funds_ They en-
rolled 10.4 percent of the degree-registered students and 3.1 per-
cent of those committed to graduate studies. They accounted for
6-9 percent of the academic budget and 3.8 percent of the Na-
tion's training activities in the sciences.

Institutions with Major Dependence on
Federal Funds

Twenty-two Class A institutions received 40 percent or more of
their total income from Federal funds for academic science (Rfe
value in excess of 0.400) (Table C-10) . These 22 institutions
rank relatively high when ordered by level of Federal funds- One,
the University of California at San Diego, appears to be an artifact,
for it has not fully metamorphosed from a research-graduate edu-
cation institution into a university. Three institutions are basic-
ally medical collegesHahnemann.. Georgia, and South Carolina
Medical College- Another three institutions have dominant med-
ical schoolsYeshiva University, Baylor University, and Union
College and University. The only other public institution in this
group of 22 institutions is the University of Oklahoma, probably
because its educational and general income is low in terms of
that of its contemporaries-



Within this group of 22 there are 15 institutions engaged in
medical education. Six are institutions of science and technology
in the accepted sense. Eighteen are privately or denominationally
controlled. The four publicly controlled institutions appear to be
special casesthe University of California at San Diego becauSre
it is only, now emerging as an educational institution, Georgia
and South Carolina Medical Colleges because they are essentially
medical schools, and the University, of Oklahoma for the reasons
cited earlier. In the group of 18 nonpublic institutions are a
number of the great private universities of the Nation. Among
these are practically all the Nation's quality academic institutions
of science and technology.

These data lead to the conclusion that a not insignificant group
of American universities has become heavily dependent on a sys-
tem of funding whose objective is not principally the advance-
ment of higher education. Among these institutions are a num-
ber of the great private universities and institutes of science
and technology. It follows naturally to ask whether this level
of funding (Rfe) (Table C-10) is to continue and for how
long, how many other institutions will join the list of th ?. heavily
dependent, and whether the Federal support practices responsible
for this predicament are in the best interest of science and/or
higher education?

This state of affairs has been developing for about 25 years.
No one could have predicted that the bold OSRD experiment of
the early 1940's would lead to a system of academic support
that would become the principal source of income for a num-
ber of the Nation's major universities and a substantial source
of income for its total system of higher education in the. early
1960'& Although the Federal contribution to academic income
continues to increase, there are distinct signs of change in fund-

. - ing practices. Within the last few years the base of Federal sup-
port to academic science has been broadened to include Institu-
tional Base Grants, Graduate Facility, and University, Depart-
mental, and College Science Development Grant& to mention but
a few innovation& There has also been a quantum increase in
direct support to higher education. The issues posed have brought
about the reexamination of Federal programming policies and prac-
tices. The recent establishment of a standing Committee on Aca-
deinic Science and -Engineering within the Federal Council is a
direct result of an increasing awareness in Government of the
close ties between strength in academic science and the Na-
tion's health and security. But, as is so obvious, the level of fund-
mg these new Programs is f--'from adequate to effect the exist-.

ing trend& A growing number of quality American universities
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are becoming more and more dependent on sources of support
only indirectly associated With the training of scientists and
the advancement of higher education.

In spite of the fact that the academic science support system
has been both beneficial -and enlightened, it will continue to re-
quire reexamination, even more intensively than is now the case.
The method of Federal support to higher educationby indi-
rect means and through funds obligated for problem solving in
the national interestis beino subject to continuous examina-
tion at the Executive level ofGovernment. So has the question
of the growino- dependence of an increasing number of 1the Na-
tion's great a:ademic institutions on academic science funds also
been the subject of intense study at the Executive level. It has
also been the subject of recent hearings held before the Daddario
Committee:There Gerard Piel testified so eloquently:

Our universities deserve public support not as instruments of national
purpose in the service of ends chosen by Government, but as vessels that
cherish and enlarge the liberties of self-governing citizens-

To the student of Government-university relationships the res-
olution of these issues goes far beyond the question of how to
fund science at ;universities and college& The question to be faced
is the nature and level of Federal responsibilities to higher edu-
cation. For stated in the President's words,

The strength of the research and development program of the major
agencies and hence -their ability to meet national needs, depends heavily
on the total strength of our university system_



IX. NONRECIPIENTS OF FEDERAL FUNDS

A Profile

In fiscal year 1963, 352 institutions received no Federal funds
for academic science. They enrolled 354,000 students (Tables A-2,
C-11) .

All Class A institutions received some aid in the form of Fed-
eral funds. All but 18 institutions in Class B, 9 percent of the
Class B population, received some Federal assistance. Two him-
dred ninety-six out of 651 Class C institutions, 45 percent of
Class C and 28 percent of the total study group, received no
Federal funds for academic science.. Thirty-eight our of 46 Class
D institutions also were without Federal aid.

The denominational institutions not receiving Federal funds for
academic science numbered 207 or 43 percent of the denomina-
tionally controlled population and about 20 percent of the total
degree-accredited population of institutions. Private institutions
without Federal funds for academic science totalled 49 out of 229.
There were also 96 public institutions, out of a total of 354 pub-
lic, that received no Federal funds.

Although these nonrecipients of Federal funds (nonparticipants
in Federal science programs) enrolled 11,600 graduate students,
they awarded only 77 master's degrees in science and engineer-
ing, 0.3 percent of the Nation's science and engineering master's
degrees for the year studied_ They trained none of the doctorates
in science and engineering. They awarded 10,000 bachelor's de-
grees in these same areas. The Rs value for these nonre-
cipients is 0.029 (average its for the degree-accredited popula-
tion of institutions is 0.081) , demonstrating a minor effort in
science education. Their contribution to advanced science educa-
tion was especially low.

Public institutions, -96 of them, make up 27 percent of the
nonrecipient population. They accounted for 162,000 of the 354,-
000 students enrolled- by -the nonrecipients (46 percent) , and
9,000 of the 12,000 students- in graduate studies (75 percent) .
They accounted for 30 percent of the bachelor's degrees (2,90(')
produced in science and technology by the nonparticipant& Their
Rs value of 0.019 is_the lowest value -attained by the nonrecipient
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groups and the lowest attained by any class of institution studied.
Since the 96 public institutions in this group of nonrecipients
can .be assumed to be teachers colleges whose graduates are
likely to be primary and secondary school teachers (Class B and
C public institutions are or were principally teachers colleges) ,
the question that comes to mind is, how well prepared are the
graduates with respect to following their elected teaching ca-
reers? For a complete lack of Federal funds for science can be
indicative of a marginal-to-low quality reference with respect to
science scholarship and science education.

The Class C institutions (296) dominate the population class of
the nonrecipients. They constitute about 85 percent of the non-
participating population and account for about 80 percent (278,-
000) of all students enrolled in this group. They also accounted.
for 6,600 graduate studentsabout half the total of the graduate
students listed by the nonrecipient institutions. They trained 9,300
bachelors in science and engineeringagain about 90 percent of
the group's production. The Rs value is 0.033.

The denominational institutions (207) dominate the popula-
tion of nonrecipients with respect to institutional control. They
make up about 60 percent of the study population, and they ac-
counted for (153,000) about 43 percent of the students regis-
tered in the nonparticipating institutions. They graduated 5,860
individuals with bachelor's degrees in science and engineering-
58 percent of the first-degree population trained by the nonrecipi-
ents. The Rs value is 0.038.

Interpretation of Data

It appears that the vast number of the baccalaureates in sci-
ence and engineering trained by the nonrecipient institutions,
are the product of the denominational Class C institutionthe
liberal arts college with close ties to religious organizations. It
has been suspected. that the nonparticipating group of institu-
tions is dominated by the denominational liberal arts colleges.
The evidence supports th5s opinion. It comes rather as a -sur-
prise that these same institutions are also the major nonrecipient
producers of the bachelor's degree in science and engineering.

The number of private Class C institutions (liberal arts col-
leges) anfong the nonrecipient group of institutions appears rela-
tively small. Since the total number of private nonrecipient in-
stitutions does not exceed. 50, the number of private Class C insti-
tutions must be even less. Interestingly, few if any, of the dis,
tinguished liberal arts colleges are to be found among this group
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of nonrecipients (Tables A-1, A-2) The majority of these
highly regarded liberal arts colleges appear to more than hold
their own, both as producers of the baccalaureate in science and
engineering (their principal contribution to science education)
and as recipients of Federal funds for academic science_ 'I'hey
stand relatively high in the receipt of Federal funds when size
and primary educational objectives are taken into consideration_

There are 416 institutions that received between $1,000 and
$100,000 in Federal fundsa sum total of $11 million and an
average of $27,000 per institution (Table C-5) - These institu-
tions awarded 27,000 bachelor's degrees in science and technol-
ogy-20_3 percent of the total number awarded in the Nation in
academic year 1962-1963_ These institutions also awarded 3_6 per-
cent of the master's degrees- Adding this group of 416 marginal
participants in Federal science programs to the 352 nonpartici-
pants makes for an unusually large number of the Nation's de-
gree-accredited institutions, 768 in all, that are participating
marginally or not at all in Federal science programs. Their com-
bined productivity in science education amounts to 28 percent of
the bachelor's and 4 percent of the master's degrees awarded,
and constitutes a fairly significant part of the Nation's scien-
tifically educated manpower exposed little, or not at all, to the
benefits available from Federal programs in support of academic
science.. Quality-competitive Federal programs in support of aca-
demic science obviously are not the proper vehicles for bringing
the advantages of Federal science programs to this group of indi-
viduals and institutions- If they are not, then where and what is
the suitable course of action?

It appears from the evidence submitted that the nonparticipants
in Federal programs for academic science are marginal-to-low
quality institutions of science scholarship and science education_
Considering their large number and the student potential,_ their
contribution to the Nation's scientific and technological manpower
pool, at whatever the educational level, is lowat least consid-
erably lower than the contributions of the recipient institutions.
The forces responsible for low productivity of scientific manpower
and nonparticipaiion in Federal science r.rograms cannot be ascer-
tained by statistical methods of study- Such methods, however,
can. point out the soft spots in the Nation's system of higher edu-
cation, and as in the case here, those of the decrree-accredited in-
stitutions and those engaged in science education_ Calling atten-
tion to the weaknesses in the education system is of value, if for
no other reason than to provide a base for a more thorough in-
-vestigation_ But more than this, it allows the opportunity to
search out the underlying cause for the failurein this case-
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of the nonrecipients to participate in Federal programs. It also
makes possible the institution of suitable corrective measures, if
required. It may turn out that scruples against Federal aid on
the part of faculty and board of trustees, rather than marginal-
quality scholarship, or disinterest on the part of the institution
is at the core of the nonparticipation problem. Whatever the
cause, the matter of nonparticipation and low productivity of
scientific manpower among these 352 institutions warrants fur-
ther investigation, especially since the number of students in
training -within them constitutes a substantial element of the
Nation's scientific and technological manpower pool.



X. UNIVERSITIES AND COLLEGES ENROWNG
NEGRO STUDENTS PREDOMINANTLY

A Profile

There were 69 degree-accredited institutions in the academic
year 1962-1963 that enrolled Negro students predominantly (Ta-
ble C--12) . These 69 institutions listed 94,000 students. They ac-
counted for 2.1 percent of the education budget of the study
Population; they received $5.3 million or 0_5 percent of the Fed-
eral funds for academic science.

They awarded 2,954 bachelor's degrees in science and engineer-
ing, 161 master's degrees, and 7 doctorates_ They registered only
1.2 percent of the Nation's graduate population_ Their participa-
tion in graduate studies (Re 0_049) was considerably below
the study population average of 0.108. Their contribution to edu.-
cation in the sciences (Rs) again was below the national average;
the Rs value for the total study population is 0_081, for the
predominantly Negro-enrolled institutions it is 0.043_ Whereas
they made up 7 percent of the institution study population and
enrolled 2..7 percent of all the degree-listed students, they pro-
duced only 2.2 percent of the bachelors in science and engineering,
0.6 percent of the masters, 0.1 percent of the doctorates, 1.1 per-
cent of the veterinarians, 1.4 percent of the doctors of medicine,
and 2.2 percent of the dentists. The advanced degrees in science
and technOlogy are the contribution of one institutionHoward
University.

The predominantly Negro-enrolled institution budgeted $960
per student-25 percent :below-;the- study-average. For the degree-

ting edi
cr -^ted institution, the average is $1,270 per enrolled

student; the nonr;rticlOarit:.:54, ".c_clerar e-"n`-e Progra:m4
ititutiOris, the average is ..$840 ,per_ studOt_ The .predo rm.nan_tY
Negio-ehi011ed popiilation, however, contains a fair
nuniber _of hioti quality institUtioni arid, a nuMber of partici-
pants ,_in.,_Federal science programs; -Among these is HOward

iloward the predominantly. Negl--°-,en"leC1
institution average drops to -a level- of -$840_ -13-y. excluding-the
other ,participants in-,-,Federal _science programs-,_ (more tharr half
the -Neeto-enrolled -oroup) the average budgeted, per -..student
would fall fir, below -the $840, level and. -considerably below the
average -budgeted by the -.352, uonparticipant- institutions. The
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ratio of Federal funds per degree unit (Rfd) for the predominantly
Negro-enrolled institution is $1,300; for the study population, the
Rfd value is $4,000. The ratio of Federal funds to the total
institution income (Rfe) for the Negro-enrolled institution is
0.055; for the study population, it is 0.202.

This evidence indicates that those institutions that enroll Ne-
groes predominantly are considerably below the study average
in funding, both local and Federal, in terms of productivity in
graduate education, and productivity in education in the science&

These averages would have been considerably lower had HoW-
ard University been exduded from the population of Negro-en-
rolled institutions. Howard University is fundamentally a public
and a federally supported university_ Without Howard University
this study group of 69 institutions would have produced no doc-
torates in science and engineering, and no doctors of medicine or
dentistry.46

Thirty institutions enrolling predominantly Negro students re-
ceived no Federal funds for academic science. They enrolled about
25,000 degree-listed students and 45 graduate students. They
turned out 591 bachelors in science and engineering. Their con-
tribution to graduate education and to science education was
especially low_ The Re value for these 30 institutions is 0_002;
the R. value is 0.024. Both these values are especially low,
whether compared to the total population of 1,063 degree-ac-
credited institutions or to the 352 nonrecipients.

Of the Federal funds for academic science obligated to institu-
tions that enroll Negroes predominantly, 58.6 percent came from
the National Science Foundation, and 33.8 percent came from the
U.S. Public Health Service_ Less than 8 percent came from the
remaining 11 agencies_

Interpretation of Data
As a group, the academic institutions enrolling predominantly

Negro students appear to be a poorly financed group, both with
respect to Federal and non-Federal funding source& Their contri-
bution to graduate training and to training in the sciences is
far below the national average. Both the level of Federal funds,
and the ratios, indicative of level and contribution to the graduate
and science manpower pool, point to the fact that on the-whole a
marginal to low- state of science scholarship and/or higher edu-
cation in the sciences may exiSt within these institution& This
evidence both confirms and complements the findings of Earl J.
McGrath, former Commissioner of Education. Although
Dr_ McGrath indicates that a number of these institutions rank
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with the best with respect to quality, he nonetheless draws a
depressing picture with respect to the others:

An objective review of the facts discloses, however, that a not inconsid-
erable number of Negro institutions now struggle along toward the rear
of the academic procession. The scope and recency of the training of their
faculties, the character and the level of their students' preparatory educa-
tion, and under present conditions the prospects of improvement in some
of these institutions are not reassuring, even to the most sympathetic
observer.

These universities and colleges enrolling Negro students pre-
dominantly, up until very recently, have constituted the back-
bone of Negro higher education and perhaps the major source
of Negro leadership in the South. Dr. McGrath's data indicate
that in. 1963 of the seniors in these institutions, just over 25
percent named education as their career of choice-14 percent
selected high school education, 12 percent, elementary. These in-
stitutions constitute the major and principal source of Negro
higher education in this region. The probable lack of quality sci-
ence scholarship and science education at these institutions, as
deduced from the low level of total and Federal funding and par-
ticipation in advanced study and science education, may be in-
dicative of the low educational and economic status of Ameri-
can Negroes, especially those residing in the South. It is true that
racial constraints are rapidly disappearing from the admission
practices Of large numbers of institutions of higher education in
all regions of the United States. It is also true that large num-
bers of able and qualified Negro students now have equal oppor-
tunity in higher education. However, there still remains a sig-
nificant number of Negro students, predominantly in. the South,
who because .of being unqualified by the nature of their primary
and secondary school education and because of their low socio-
economic level have but the one choicehigher education at in-
stitutions enrolling Negroes predominantly. These institutions
probably at best are minor participants in Federal science pro-
grams because of ignorance of Federal programs and the mar-
ginal and low scholarship of their faculty and student body in
the sciences.

Earl McGrath lays great emphasis on the need and the haste
with which the Nation must develop .programS to strengthen the
colleges and universities enrolling Negro students predominantly
On practkal grounds, he discourages any thought of euthanasia
for the weaker institutions; his conclusions are borne out by the
evidence:

the facts . _ relating to previous education and the financial ability
of Negro students indicate that at present and to a lesser degree, for some
years to come, the majority of students in the weaker colleges could not
gain admission to the stronger nor afford to attend them even if admitted_
Hence, the closing of the weaker institutions would deprive thousands of
Negro youth of any opportunity for higher education.
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XI. UNIVERSITIES ENGAGED IN MEDICAL EDUCATION

A Manpower Profile

There are 80 (Class A) universities engaged in medical edu-
cation (MEEU) (Table C-13) . There are an additional 89
Class A institutions comparable in all respects except for the fact
that they do not offer medical education. These 89 institutions
are used for comparison purposesthe control group. Five
medical colleges are not included in the population of medical
education-engaged institutions."

The MEEU group received 68.9 percent of the Federal funds
for academic science and accounted for 42.7 percent of the funds
earmarked for the educational and general expenditures of the
study group; in contradistinction, the 89 controls received 26.2
percent of the Federal funds and 23.2 percent of the academic
budget (EGI) . (Class A as a group received 95.1 percent of the
Federal funds and 65.9 percent of the academic budget) The
MEEU group received about three times the Federal funds re-
ceived by the control group. Federal funds for academic science
for the MEEU group averaged $9.5 million per institution; for
the controls, it averaged $3.2 million.

The medical education-engaged universities received 29 per-
cent of their total income (Rfe = 0_290) from Federal funds;
the Rfe for the controls is 0.222 It is the MEEU group that
participates to a larger degree in graduate education and edu-
cation in the sciences. The graduate education index (Re) for
the MEEU group is 0_169; for the control group, it is 0.133_
The science education index (Rs) for the MEEU group is 0.129;
for the control group, it is 0.110_

The MEEU group enrolled two-thirds as many more students
per institution as did the controls-12,800 for MEEU and 7,600
for the controls. It enrolled twice as many graduate students as
did the controls-2,170 vs. 1,000and, by definition, all the 'doc-
tors of medicine. It contribute& twice as much to manpower
training in the sciences as did the control group-1,660 SgcT DP
units vs. 830..- It trained two-thirds as many more doctors of
science and engineering-4,960 vs_ 3,000, and, of course, all the
doctors of medicine and 95 percent of all the dentists.

81



Funding Characteristics

The medical education-engaged university group receiVed the
bulk of its Federal support (Tables 9, C-3) from the U.S. Pub-
lic Health Service-55.3 percent; 16.2 percent of its Federal sup-
port came from NSF and 15.8 percent from DOD. These three
agencies accounted for 87 percent of the total Federal funds for
academic science obligated to medical education-engaged uni-
versities. By contrast, the control group received 23.9 percent
of its Federal science support from the US- Public Health Serv-
ice, 25.4 percent from the National Science Foundation, and
25-3 percent from the Department of Defense. The control
group received 75 percent of its Federal support frm the three
principal support agencies of academic science-

The U.S. Public Hlth Service committed 83.9 percent of its
1963 obligations for academic science to these same 80 (MEEU)
institutionsa total of $419 million, equivalent to 38 percent of
the Federal obligations to academic science for fiscal year 1963.
The next two agencies, in terms of their obligational authority,
also concentrated their academic science support efforts within
these 80 institutions, but not to the same degree_ The Depart-
ment of Defense obligated 60.1 percent ($120 million) of its
academic science funds to this group, and the National Science
Foundation, 54.1 percent ($123 million) _

Interpretations and Implications

It is predominantly the large contributions of the U.S. Public
Health Service to the 80 medical education-engaged institutions,
both in absolute terms and in terms of the restricted nature of
USPHS appropriations, that appear to be major factors in the
concentration of Federal funds for science in a limited number
of institutions of higher learning and in circumscribed regions
of the Nation_ These regions are apt to be those where medical
education is also concentrated. A further exploration of the
component of Federal funds for academic science obligated di-
rectly to medical schools as suCia is obligatory, to further delin-
eate the phenomenon of concentration of Federal funds and the
support of health sciences by the Federal Government The sta-
tistics now available, unfortunately, lack the necessary detail to
make such a study possible.

Medical education-engaged universities operated with larger
average acadenlic budgets (EGI) , $23.2 million in the academic
year 1962-1963, than did the control group whose average aca-
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demic budgets were $11.3 million; they also accounted for twice
as many S&T DP units as did the control& In the- same year
-medical education-engaged institutions received an average of
$9.5 million in Federal . income from academic- science; their
controls averaged $3.2 million. If these data hive validity, Le,
if the two populations are comparable, one may then conclude
that, on the average, a medical school_ requires an academic
budget equal in -Size to that budgeted for: the rest 'of . the parent
university, and that medical education-engaged universities ex-
pend three _times the Federal funds for science than do the
controls. These data also show that in fiscal year 1963 the aver-
age medical school received about $6 million in Federal funds
for academic science.

The analysis of Federal funds by class and control (Tables
3 and C..$) focused attention on_ private Class A institutions
as the institutions most, fax,ored by Federal science program&
The data in Table 9 indieate thaz it is the medical education
component of these .tiniversities that is favored by Federal- funds
and that it is the private iector of this medical education-
engaged group that is especially. favored (Tab:e C-14) . Thirty-
five percent of the total income of the private (26 in: number).
medical- education-engaged .universities came from . Federal
sources (Rfe = 0.349) ; the Rfe value for the comparable, de-
nominationally controlled- group Of MEEU inititutions is 0_313;
for the public it is 0.247. The Rfe valne for all 1,063 institu-
tions in the study is 0.202, for Class A it -is 0.267, and for the
medical education component of Class A it is 0.290.

The private group of medical :education-engaged institutions
comprise about 15 percent of the Class A., one-half of the popu7
ladon of private Class A institutions;- and about 2.5 percent
of the degree-accredited institutions. They received 32A percent
of all Federal IfundS for academic .-Sci6iet:. By cOntrast, 'the med=
ical education-engaged, publ.L.j. institutions, which 'total 43 (4:0
percent' of the degre-a.co.-edited institution pOpulatiOn) , re-
ceived 32 9 percent: The 69_ public and Private MEEU. institu-
tions," about 7 percenr of the degree-accredited institution popu:
lation, received 65 percent of Federal funds for academic science..

The 'priyate group averaged $13.7 million in. Federal funds
per institution, .ichereas the . public comPonent ayeraged S8.4
million.: These two groupS operated at- approximately the same
level 'of, academie income -(F..G-I) S2.5- million= per institution
for the .priVate group, and $25.7 million for the public. In cori7
nection -With these figures it is wortkiiearing in :mind that the
private grodp has a considerably smaller average total enroll-
ment, less than threeqUarters of the public gionp:
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Of their own funds, based on the EGI, the private medical
education-engaged universities budgeted $2,150 per student en-
rolled; the public, $1,700 per student; and the denominational,
$1,300. The corresponding figures for total research and educa-
tion income (EGI -F- FFAS) were $3,300 for private, $2,250
for public, and $1,900 for denominational. Does this higher
budgeting per student for the private universities engaged _in
medical education indicate that the students in residence in
these universities, as a whole, are provided with a higher qual-
ity of education, where quality _is equated with affluence? Or
does this higher budgeting simply indicate that these private
institutions participate to a greater degree in research, gradu-
ate education, and science education, and the additional cost per
student is merely a reflection of these phenomena?

Although the public sector of the MEEU group enrolled about
40 percent more students than did the private, the reverse is
true with respect to graduate enrollment. Graduate enrollment
for the private MEEU group averaged 2,876, and for the_ public
sector, the average figure is 2,100. The S&T DP value for the
public sector is 1,805; for the private sector, it is 1,744. These
values are not corrected for institution size. When they are,
however, graduate enrollment and, S&T DP value clearly favor
the private group.

The Re and Rs value& indices of level of participation in
graduate -and science education, indicate and confirm that the
privately controlled MEEU institution concentrates more of its
education effort in 8 _uate education and in education in the
sciences than does its counterpart, the publicly or denomina-
tionally controlled institution. The graduate education index
(Re) for private MEEU is 0.243; for the public it is 0.138; for
the denominational, 0.133. The science education index (Rs)
for the private MEEU group is 0.147; for the public group it
is 0..119; for the denominational, 0.143.

Like the Re and Rs, the Rfe value also favors the private
MEEU institution. The denominational group falls somewhere
in between the private _and public group. Higher Rfe's for the
private (0.349) and denominational (0.313) -groups are indic-
ative of the corresponding high rate of dependency and/or
participation in Federal science program& The Rfe indices
(TaNe C-14) beyond doubt, demonstrate the depth of the de-
pendence of each of the 26 private institutionsthe private
medical education-engaged universitieson Federai- funds and
especially on U.S. Public Health Service sources of support
Three of these institutions with the high Rfe values now depend
on Federal funds in the ratio of one dollar in Federal funds



for every dollar raised from other sources (Rfe value above
0.50) ; 15 of them receive more than 60 percent of their Federal
funds from the U.S. Public Health Service.

Does an increasing proportion of Federal funds (in terms of
total institutional income) create a greater and permanent de-
pendence on Federal funds for these private and denomina-
tional medical education-engaged universities? Does such depend-
ence indicate a continuance on the -present level of Federal
support to maintain the existing level of academic research,
graduate and professional education, and education in the sci-
ences programs? Does this dependency indicate an ever-expand-
ing commitment of the Federal establishment? Is the dependency
level established by -the academic science support relationships,
in the best interest of science, the academic institutions, and the
Nation? Is it in the national interest for the health sciences to
dominate both the Federal academic science and the science pro-
grams of the universities?

If strengthening and broadening the base of academic science
are to continue as the foundation of the national policy for
science," then the resolution of these and related questions
will have to assume a fairly high order of priority. The- nature
and the role of the medical school, the nature of the responsi-
bility of the Federal Government to the health sciences and to
medical education, and the concentration of medical education
in a limited number of universities and in circumscribed regions
of the Nation must enter into any policy considerations for
science and technology.
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XII. STATISTICS AND PREDICTABILITY

The evidence indicates that there is fairly good correlation
between the amount of Federal funds for academic science re-
ceived by institutions and the various characteristics used to
measure institutional participation or productivity in higher
education. In some instances the relationships are direct and
linear. In other situations the relationships are not quite so
direct. In some instances, the relationships are not regular. The
data emphasize the fact that class and control of an institution
must be considered in any comparison dealing with academic
income and manpower input-output. Class and control appear
to be determinative with respect to size and income, and prob-
ably with the allocation of resources to graduate and science
education. State universities (public) seem to be more oriented
toward educating large numbers of all types and levels of stu-
dents. Private universities appear more selectiveselective in
the sense of a greater concentration on graduate studies, profes-
sional education, and education in the sciences. Denominational
institutions appear to concentrate jarincipally at the baccalau-
reate level and are the least engaged in science education.

Do the relationships, so statistically evident, hold for the
individual university and college? The data accumulated thus
Ear appear to be amenable to answer such a question, however
tentatively.

Medical Education and the Level of
Institutional Funding

The maximum rate of change in slope, the poib t at which the
study population of academic institutions seems to be divided
into low and high income producers, low and high producers
of scientific research and of scientific and technological man-
power (see Figures -1, 6, 7) , focuses attention on those institu-
dons ranked some- ,...tere below the 100th, irrespective of whether
ranking is based on the academk budget, Federal funds, gradu-
ate enrollment, or manpower productivity in science and tech-
nology. This characteristic of American universities leads to the
question: Is there some phenomenon peculiar to advanced edu-
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cation so demanding in cost that it requires a radical shift in
institutional funding practices? Is there a special factor, or is
the phenomenon noted simply the response to a number of
simultaneous changes associated with institution growth? If
there is a speeal factor, can it be isolated?

One answer may be found in a consideration of the medical
education component of higher education. A decision to engage
in medical education entails an enormous long-range economic
commitment on the part of the academic institution. There are
not only the requirements for vast clinical research and train-
ing facilities basic to the education of physicians, but also the
need for a host of allied health specialties ranging from phar-
macy to nursing. There are the graduate medical science train-
ing activities and the associated preclinical research programs,
e.g., biochemistry, physiology, etc. The accomplishments in the
practice of medicine within one generation have been enor-

. mous; with these accomplishments, also have come heightened
COSt.S.

This same argument perhaps could be made for high energy
physics or some other high cost acadeinic science activity. But
since high energy physics facilities and staff are considerably more
limited in number and since they are funded. principally by
the Federal Government, the issue of medical education loses
none of its Significance.

The statiStics bear out this major shift in institutional financ-
ing practices and point to the special burden of those activities
associated with medical education. -In :1962-1963 there were 87
medical schools. Of these, 80 institutions associated with medi-
cal education received $760 million in Federal fundsabout. 70
percent of the Federal obligations for academic science. Fifty
of these were rank ordered above 70 by Federal funds and 47
by the educational and general inconie. Of the first 20 institu-
tions rank ordered by Federal funds (Table C-15) , all but two,
the Massachusetts Institute of Technology and the University of
California at Berkeley 'are engaged m medical' -echicatiOn; The
University of California at Berkeley was, until very recently_ Of
the first 50 inStitutions, 39 have medical iehools.

The data assethbled suo-crest that institutions -engaged in; med,
ical education expend as much for: the: medical school: :complex
as they expend for.-..-the remainder, of -,the-- university; These: same
data- further iitdicate -that -Medical eduCation-engaged: institu-
tions 'received 'three times as much in Federal: funds as- did :their
counterpartsthose Class A 'instittitibris -without 'Medical- 'schools.
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The 80 MEEU institutions accounted for $1.9 billion of the $4.3
billion of the academic budget for the 1,063 degree-accredited
institutions of higher education for the academic year 1962
1963-44 percent of the total (Tables 9, C-13) . These same 80
institutions, however, alm accounted for 47 percent of the grad-
uate students enrolled, 48 percent of the total S&T DP units,
and naturally all the doctors of medicine and 95 percent of the
doctors of dentistry. They produced 62 percent _of all the doc-
torates in science and engineering. The graduate education in-
dexRe valuefor these 80 institutions is 0A69 (average 0.108)
and the science education indexthe Rs valueis 0.129 (aver-
age 0.081) :

Since the upper part of the family of curves related to Figure
4 refers to characteristics apt to be associated with ail-Went insti-
tutionsconcentration on graduate studies, high productivity in
science and medical education, of doctorate degrees in science
and engineering, and of scientific researchone can readily un-
derstand why these curves all show the sharp and similar change
in slope. Each of the criteria of affluence depictedfunds, high
productivity in research, graduate and science educationis
seemingly characteristic of those, in the upper segment of uni-
versifies associated with medical education.

The conclusions- are fairly- obvious: (1) a high proportion of
medical education-engaged universities are among the most af-
fluent institutions; (2) they are also highly productive in both
manpower and research in science and technology; and (3) they
are dependent for a large share of their total income on the
Federal establishment

There appears to be no way to tease out the facet of the
medical school's activitiesmedical research, medical education,
or araduate educationthat is specifically responsible for the
shigs in the education-funding phenomenon described in Fig-
ures 4, 6, 7. For the present, the most to be gained from- the
existing data is a set of facts -that establish a critical -mass effect
in academic institurionaL budgeting. When a university embarks
on a program of medical education there appears a manifesta-
tion of a change which leads the institution into a new and
higher level -of funding. It seems quite clear the universities
associated with medical education fall in a special class of insti-
tutions when- measured by their funding- characteristics and/or
'productivity in science and technology. The evidence submitted
:reinforces the strongly_ held view of administrators a -higher
education, that the medical school -can be an, enormous- drain
on an educational institution's budget..



A Profile of the Individual University

Each of the two hundred institutions and their individual pro-,
files were arranged (Table C-15) so that they might be inspected
and compared with respect to a number of institutional charac-
teristics. The 200 academic institutions in the sample were se-
lected soley on the basis of the level of Federal funds and rank
ordered accordingly. (See Tables B-1 through B-9 for the rank
ordering details.) Since the private-denominational and public
universities show marked differences in total enrollment and
educational and general income, these two segments of institu-
tions studied were selectively compare& It is not meaningful
in this context to compare, for example, the California Insti-
tute of Technology with Purdue University. Another methoclo-
logical constraint is that liberal arts colleges were not used in
the comparisons about to follow, because of the limitations im-
posed Ey the selection criteria, because they are neither major
produce:s of research nor contributors to advanced degree sci-
ence and technology education. The comparison in this instance
Was limited to 100 universities."

The uniformity of the data on the. whole appears self con-
sistent. Those institutions rank ordered high by Federal funds
also tend to be rank ordered high by a number of other, but
not necessarily by all, characteristics. Those rank ordered low
by Federal funds also tend to be ranked low by the other, or a
significant number of other criteria.

For the discussion that follows, rank ordering by Federal funds
will be interpreted to mean productivity in research and the
S&T DP rank order will be used for productivity in science
education. Quality values are not in any way implied. The terms
low producers and high producers will be used without qualifi-
cation, but it is assumed that the reader recognizes that they
are relative terms.

There are a number of institutions in this group whose rank
order leads one to believe that they are high producers of . re-
search and low producers of scientific manpower. Johns Hop-
kins, Rochester, Washington at St. Louis, Duke, the University
of California at San Diego, Western Reserve, Yeshiva, Tulane,
Oregon, Brown, Baylor, and Vanderbilt Universities seem to fall
in. this group. Does this information mean that these institutions
have unused additional capability for training? There are also
a number of institutions that appear to be low producers of
research and high producers of scientific manpower. Purdue,
Pennsylvania State, Tennessee, Michigan State, Rutgers State,
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Missouri, Iowa State, Oklahoma State, North Carolina State, and
Kansas State Universities seem to fall within this category. Does
this information indicate that these institutions are capable of
more research than they undertake?

Probing a bit further, Johns Hopkins University may be cate-
gorized a high producer of research and a low producer of
scientific manpower. It ranks tenth in Federal funds for aca-
demic sciencea high producer of research-65th for graduate
enrollment, 62nd for S&T DP, 97th for the bachelor's degree,
102nd for the master's degree, and 31st for doctorate produc-
tiona low producer of scientific manpower. The University of
Rochester seems to follow a similar pattern. At the other extreme
is Purdue University which may be said to be a low producer of
research and a high producer of scientific manpower. It ranked
34th according to Federal funds and between 3rd and 5th for
scientific manpower productivity. It ranks remarkably high in
manpower produced considering its own funding characteristics.
Is the low Purdue funding characteristic (EGI) due to the lack
of a medical school? Or is it because Purdue can conduct its
training programs in a more efficient fashion? Pennsylvania
State University shows a pattern similar to Purdue University
of low productivity with respect to research as measured by
Federal funds for academic science and high productivity with
respect to degrees in science and engineering. Pennsylvania State,
on the other hand., invests a larger share of its own funds in
education. Iowa State University of Science and Technology is a
dramatic example of a low producer institution with respect to
research and a high producer with respect to training in the
sciences. It ranks 68th with respect to Federal funds, 18th with
respect to bachelor's degree production in science and engineer-
ing, 30th with respect to master's degrees, and 13th in doctorate
productivity.

Cartter's peer-quality directed data for the academic year
1963-1964, rank ordering university departments of science and
engineering for "graduate program effectiveness,' adds con-
siderable value to the statistical method (Table C-15) of ap-
praising academic institutions even though they do not lend
themselves easily to a comparison with the data rank ordering
institutions by statistical criteria characteristic of academic sci-
ence. Canter's study -did not include large segments of medical
and dental schools and in far too many instances, the number
of departments of science and engineering specifically evaluated
within an institution were too few for a statistical analysis of the
institution's standing in academic science. In spite of these cen-
straints, the 18 universities adaptable for comparison from the

. 93- tr
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Cartter studythose with 10 departments or more of science
and engineering evaluatedshowed that 15 of these institutions
placed within the first 17 ranked by Federal funds. This sort of
evidence, as indirect, as displaced in time, and scanty as it may
be, does demonstrate that both subjective and statistical types
of studies aimed at evaluating institutions of higher education
in terms of quality and productivity, have sufficient merit to
warrant further investigation.

A Profile of the Individual Liberal Arts College
The compilation . (Table C-15) may serve still another pur-

posethat of more carefully scrutinizing the system of Federal
funding as it correlates with quality science education as con-
ducted by the liberal arts colleges. The discussion below will
be limited to a selected group of liberal arts colleges. The doc-
torate producers among the liberal arts group will not be con-
sidered.

Within the first 200 institutions rank ordered by Federal funds
the following liberal arts colleges are to be found: they are Reed
(rank ordered 164) , Wesleyan (167) , Ohio Wesleyan (170) ,

Antioch (182) , William and Mary (183) , Smith (187) , Amherst
(189) , -Pomona (193) , and Earlham (199). Bearing in mind
that there are 711 institutions receiving Federal funds for aca-
demic science, among which are a great number of relatively
large and high-quality enrollers-producers of scientific man-
power, these institutions rank fairly high in bachelor's degree
production in the sciences. For it is to be noted that liberal arts
colleges rank quite low in total enrollment_ In other words,
their comparative contribution to science education is relatively
high, considering their size and the fact that their principal
educational contribution is at the first-degree level.

It is interesting to note ,further, that these liberal arts colleges,
all without doctorate programs, compete fairly well for Federal
funds. They also rank fairly, high in terms -of their own invest-
ment hi 'education (EGI) , fu:zther indicating- that there is a
continued correlation between affluence and Federal funds that
holds- even for the liberal arts colleges. But these. Rnalyses are
much too limited and the data too sparse_for a more informa-
tive examination of the_ relationship of Federal funds and lib-
eral arts colles. Certainly a more definitive study is in order.

Value of Academic Statistics
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concerning the universe of the academic institution, one can
foresee any number of interpretations. Interpretations at this
stage, however, are much too speculative, irrespective of how
lighdy they are made or considered, for the data are much too
imprecise and much pertinent data are still not available. Fur-
thermore, the measures used still require shaping and sharpen-
ing. Therefore, any use of this type of tabulated material for
making absolute judgments at this time, respecting individual
institutions is both premature and fraught with risk. However,
it is possible that with time, refinement of data and metrics,
and their judicious use in conjunction with substantive knowl-
edge of science and the academic institution, that the methodol-
ogy and techniques employed here might have value in making
judgments with respect to productivity and quality of science
education and scholarship for individual academic institutions.
The prognosis is promising.
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22W-dna= V_ Consolazio. Snstaining Academic Science, 1965-1975, TiteECEaca=

tional _Record, 216, Spring 1964.



" Grants for Scientific Research. National-Science Foundation, June 1963, NSF 63-27.

"In a few case& such as in the Biological Science Curriculum Study (BSCs) sup-
ported by the National Science Foundation at the University of Colorado ($1.8
million) , the 'contribution of NSF for academic science for that institudon is

aggerated. The BSCS program is located at Colorado primarily for conveni-
ence. Fortunately, this incident is highly atypical.

31 The educational and general income (EGI) item is not a measure of an institu-
don's educational-operating budget. In the first instance, the statistic refers to
income, not expenditure. Furthermore, there appears to be a lack of definitional
uniformity for educational and gef.teral income. Capital expenditure=gifts and.

, appropriations for mpital expenditure'seemingly a part of the items under
this rubric, is not always included. On the other hand, "auxiliary" income
seemingly excluded, is not in some instance& However, the EGI is the statistic
most available which relates to an institution's investment in education, and to
a degree it does give a measure of institution expenditure, size, affluence, and
perhaps even quality.

Federal funds for amdemic science are used as an absolute measure of the
Federal impact and generally speaking as a measure of an institution's pardcipa-
tion in academic science (research) The educational and general income
excludes an institution's grant-contrkt research funds. To derive an expression
of an insdtution's total fiscal contribution to research and education, therefore,
requires the incozporation of grant-contract research fund& or some reasonable
subr.itute, into the educational and general income data. Since the statistics
available for total grant-contract research were much too unreliable and not
always available, Federal funds for academic science data were substituted.

The amumption that Federal funds can be used as a measure of an institu-
tion's participation in academic science is permissible only if limited to the
total spectrum of activities in science and technology. It is not intended to
equate costs per unit of research or education productivity in one substantive
ar=.- with those in another, for it is well recognized that the physical sciences
require more expensive -and sophisticated facilities than do the life sciences,
and that the biological sciences bear the same relationship to the social sciences.

32 Howard University and Gallaudet College in the District of Columbia both are
partially- supported by the Federal Government, and thus receive cr_rect
appropriations.

22 There is a rime lag between the receipt of Federal funds for academic science
(obligations) and their expeneiture b) universities and colleges for research,
science ediication, etc. In most cases the lag is of the order of one-half year-
Funding by the U.S. PUblie Health Service falls within types characteristic of
this short-time lag swtem. -Biit there is the situation that is characteristic of
National Science Foundation arid Office of Naval Research multiple year funding
practice& wherein the average life of the grant or contract is of the order of
two years. .Here the time lag may be as long as one and :one-half years.
Fortunately, one is dealing here with a pipeline -system Of funding. At any
time "t," expenditure and obligations may be considered in relative equilibrium
except in instances where the obligation jumps by major increment& Since
there has been no large incremental increase in Federal funds for academic
science...within the last_ several, years, for all intents and purpose& obligations
and expenditure& accordingly, can be considered as synonomous.. (Obligations

- for total -research and development for colleges and universities proper increased
from $800 million_ in fiscal year 1962 -to $1,060 million -in -fiscal year 1964,7
roughly 10 percent per year.)



34 There is also some doubt about the full coverage of funding by the National
Aeronautics and Space Administration. As in the case of the Department of
Defense, the discrepancy in terms of total Federal obligations for academic
science is slight, so that it will not affect the Federal influence appreciably-

35 It would have been preferable to have had manpower data over a longer time
span than the one year used. Unfortunately, fiscal year 1963 and academic year
1962-1963 provided the most recent element of time where the pertinent man-
power and fiscal data concerned existed in sufficient depth. Longer time-span
manpower data would tend to iron out the peaks and troughs of the statistics;
they also would give more stability to the institution classification system. By
employing long-term statistics, marginal producers of advanced degree scientists
and engineers tend to become better recognized, thus making possible better
comparability procedures in such studies.

A good compromise would have been a classification of institutions based on
a three-year enrollment-degree spread, and productivity measurements based
on the most recent academic year.

The enrollment datatotal, graduate, undergraduatealthough readily avail-
able and timely, are not as reliable as one would expect. Enrollment data do
not always take into account summer and evening students, although degree
data do. Not all graduate students are formally enrolled. Frequently, as happens
in the case of Class B institutions, published graduate enrollment statistics for
individual institutions do not correlate with those for graduate degrees granted.
In a number of institutions graduate student enrollment data can be procured
only by difference calculationsthe difference between total enrollment and
undergraduate enrollment. Difference statistics do not always distinguish
between advance and graduate degree statistics. However, graduate degree and
total enrollment data, even with their limitations, do measure an institution's
educational level of attainment and the capacity for graduate education.

The validity of total enrollment data is especially critical in this study. It
affects those indices which relate to the measurement of how an institution
allocates its resources to education in science and technology (see derivation
of R.) . Although full-time enrollment data might have been more meaningful,
incomplete coverage of such statistics precluded their use. The same is true for
full-time graduate degree enrollment data in the derivation of R.

Total enrollment data tend to exaggerate the size and ;the educational contri-
butions of urban institutions, especially those that enroll large numbers of
part-time and evening students. They also tend to underestimate the contribu-
tions of those institutions whose graduate students are in thesis preparation but
not registered. A more precise and meaningful measure of an institution's total
contribution to higher education is a unit measure that reduces all degrees
awarded in terms of a common standard unit.

There is a problem in making comparisons between enrollment data of one
year and degree data fOr earlier enrollment years. These are deficiencies in the
study because they fail to account fully for the phasing of the educational
process. As with obligations and expenditure data, there is a time lag between
enrollment and degreefour years for the bachelor's and three or more beyond
the baccalaureate years for the doctoraL However,. since most established insti-
tutions are in a steady state of development, whatever growth there is, is
comparable, and any discrepancy between enrollment and degrees conferred is
not serious. The differences can be serious in absolute terms, but in the relative
terms -with which we are dealing, such differences are probably not of great
significance. Though some parts of the education system may be in a state of
flux, the total system is moderately stable. Class A institutions may be said to
have leached a steady state; they seem to be changing simply by expansion.
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Class B institutions are undergoing a greater change, but even they are
primarily expanding at the fringes, principally increasing their productivity of
bachelor's and master's degree students. And Class C institutions show little
change within_ They too are changing by an increase in enrollment. A few
Class C institutions are leapfrogging into Class A. However, the number of
institutions croising over into other classes is small; in these few instances the
informed student of education is usually aware of the exceptions, and so can
make the necessary adjustment.

Degree data, in general, in contradistinction to enrollment data, can be con-
sidered to be fairly "hard." They have ,iehind them the solidity of many years
of use and the precision of being rr -iitored or qualified by national organiza-
tions representative of the discipline Lssodated with the degree. Degree data
specific for the various degree levels granted in science and technology also can
be considered hard- Though the quality of the degree is not always comparable
interinstitutionally, there are both minimum standards (in most cases imposed
by national associations) and those traditional standards and practices that
qualify and distinguish the doctorate from the master's and the master's from
the bachelor's degree.

Numbers of degrees and the degree level under similar circumstances have
come to have wide acceptance in making rough qualitative judgments relative
to educational institutions. From a statistical viewpoint, it is one of the verY
few qualitative devices of manpower productivity available to the student of
the educational process. Counting the number of graduates is, of course, not a
criterion of quality, but it does have value as one measure of an institution's
quantitative productivityits manpower output. It is at the productivity level
that there has existed a fusion or confusion of quality with-quantity, for degree
statistics associated with the level of study in science and technology haVe been
and continue to be used as relative measures of quality and productivity. In this
study the simple addition of various degrees granted has been used as a measure
of productivity. But such devices are limited to institutions of a lilce nature,
hence, these simple summation measures have been depended upon, only when
used in conjunction with other confirming measuring techniques_

36 Opening (Fall) Enrollment in Higher Education, 1962, Institutional Data- U.S.
Department of Health, Education, and Welfare, Office of Education. Washing-
ton, D.C., OE-50003-62.

37 Enrollment for Advanced Degrees_ The U.S. Department of Health, Education,
and Welfare, Office of Education, Washington, D.C., 0E-54019-62.

33 It is accepted convention to rank the doctorate higher on the scale of education
than the master's degree or the baccalaureate. Weighting degrees in terms of a
base unit, the bachelor's degree, is not new. Students of educational economics
and productivity, for years have used a simple and arbitrary system of weight-
ing, based on the bachelor unit weight of one, where the master's degree is
two, and the doctorate three or four_ These numerical values appear to be
derived from the average number of years spent in postbaccalaureate training
with the baccalaureate as the base. This numerical system has served mod-
erately well, but it is arbitrary and Mee most such systems its comparative and
extended use is open to question_ It also became quite obvious that any
weighted base unit, if it were to have meaning, had to be tied closely to the
value of a degree. Giving such value to a unit is especially difficult. The value
most amenable to reason and pragmatism turned out to be the cost of edu-
cating a studentthe cost of producing a bachelor, master, and doctoral
graduate, or a veterinarian, doctor of medicine, or- doctor of dentistry. Cost
information, although scarce and questionable, does exist. Both the Office of
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Education and the Office of Economic and Manpower Studies of the National

Science Foundation's made basic education cost estimates in the year 1962.

These estimates were modified further and adapted to the present study.

In its simplest terms the system finally adopted was based on the full cost of

training (education, not subsistence) the baccalaureate in science and engineer-

ing._ The full cost estimate of $5,200 for the baccalaureate in science and

engineering accordingly was assigned a value of one.

This base unit (see derivation below) , henceforth, will be referred to as the

science and technology degree productivity unit (SrcT DP) .

Baccalaureate Degree in Science and Technology (BS)

Instruction at $1200/year x 4 $ 4,800

Research at $100/year x 4 400

$ 5,200

BS 1

Doctor of Veterinarian Medicine (DYM)
Instruction and research undergraduate (2 Yrs)
Instruction for DVM $2,000/yr (4 yrs)
Research at $600/yr (1 yr)

DVM-11,200/5,200

Master's Degree in Science and Technology (MS)

4 2.600
8,000

600

$11,200

Instruction and __-.-__arch undergraduate (4 yrs) $ 5,200

Instruction for MS $3600/Yr (2 Yrs) 7,200

Research at $600/yr (1 yr) 600

$13,000

MS-13,000/5,200 -_..-- 2.5

Doctor of Medicine and of Denistry (MD & DDS)
Instruction and research undergraduate (4 yrs) $ 5,200
Instruction for MD and DDS at $3600/yr (4 yrs) 14,400

Research at $1000/yr (1 Yr) 1:000

$20.600

MD or DDS-20,600/5,200 4.0

Doctorate in Science and Technology (Phd & DSc)

Inwruction and research undergraduate (4 yrs) $ 5,200

Instruction for PhD and DSc at $3600/yr (4 yrs) 14,400

Research at $1000/yr (4 yrs) 4,000

$23,600

PhD or,DSc-723.1:600/5,200

The degree costs were arrhied.at by treating each: degree .as -though it could
be separated into two parts, instructional and researchwhere research ranged

from- a lilmary thesis, :through . special laboratory training, to experi.%cental

thesis reznarch. Accordingly,- the $6,200 assigned to -the:cost of the bachelor's

degree became $4,800 -for instruction 'and $400 for research..In esich ease the

number of Inars and the cost per- -year for the cOnduct of research are merely

a basis_ for arriving. at .211 lesriatate of the cost. The total cost-has meaning in

that it serves as a Common base for cosis ansociaied with all'. degreec. Though -

the cost estimate for the basic unit (the production of one bachelor's degree in
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science and technology in 1962) is obviously low when considered in terms of
present costs, the values derived for each of the degree levels are relative and
comparable. They axe all based on a common time period and constant.

The postbaccalaureate training costs of the master's degree, the doctoral
degree, and the doctor of medicine and dentistry degrees were set at 10600 per
year, about twice the annual cost for training the doctor of veterinary medicine.
It is assumed that the doctor of veterinary medicine requires less elaborate
facilities in his training than is required by the other four degree candidates.
The principal differences in the five advanced degree entities lie in the increas-
ing number of years and the additional cost per year assigned to the more
advanced degree categories hire the doctorate of science and the doctor of medi-
tine and dentistry. The only difference in cost between the. doctor of science and
the doctor of medicine and dentistry is one of the nuniber of years engaged in
the conduct of research.. These are admittedly assumptions which may need
refinement as actual data on degree costs are developed.

Since the metric S&T DP is to be used in characterizing an institution or a
class of institutions in terms of productivity in science education, a number of
weaknesses in application must be made manifest. There is no recognition given
to who actually pays the student coststhat is, private, public, institutional and
personal sources of income may contribute at one time or another to such costs.
Who pays the bill is not at issue, for cost is merely used to establish value and
not to give credit. The S&T DP metric also makes no correction for the fact
that the advanced degree type institution tends to accumulate productivity
credit for the bacplaureate contributions of a liberal arts college. It also makes
no correction for the multiplier effect resulting from the inclusion of the same
person in the unit system at various times in his career. A student at one time
may be induded in the calculation as a bachelor's degree recipient, at another
as a master's degree and at still another time as a doctorate. These are serious
faults if the numerical rating expressed by the S&T DP measure is used as a
hard number. If, however, it is used in a fashion similar to the concept Gross
National Product, as a relative Measure of the absolute state of the economy
with a number of qualifications (and only in conjunction with other comple-
mentary measures) , then the issue of degree of hardness becomes moot. The
S&T DP is used in the indicator sense, and lace the GNP attempts to 'reduce
a number of different weighted, related items into a common unit system of
expression.

The defeas enumerated for the S&T DP concept are not unique. These
faults occur equally in other measuring systems:of productivity. The multiplier
effect andf or crediting graduate schools for the baccalaureate contributions of
liberal arts colleges is equally a problem of conventional systems of giving value
or worth to the degree whether the -system is one based on assigning arbitrary,
values or the common usage system of giving greater value or worth to the
doctorate when compared to the master's _or bacheor's degree. The advanced
degree is usually, solely credited to the graduate (granting) institution.

89 One of the principal merits of the concept R. is that it provides a basis for
measuring, and hence ascertaining An institution's relative contriluttion to
graduate level education. It is not an absolute measure of an institution's par-
ticipation in graduate education. Graduate enrollment data or graduate degrees
are used in this capacity.

"To construct and give meaning to the index (R.) , that relates an institution's
total productivity in science education to total educational capability is con-
siderably more difficult than the previous index R., for ideally the expression
should compare total contribution to science education to total educational out-
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put. The various degrees in graduate and advanced education in the sciences are
not univalent, and science and technology enrollment data would not satisfy
the expression. In addition, thii type of enrollment data is not now available.
Since no measure of an institution's total educational output exists, input (total
enrollment) will have to suffice.

17t,, has some of the same limitations inherent in and the additional con-
straint that SP.:T DP ic a weighted -easure and not an absolute count of an
institution's contribution to scientific and technological education. In addition
the numerator is expressed in terms of degrees and the denominator in students
enrolled. The substitution-of enrollment data for the degree units in science
and technology would not have satisfied the basic requirements of this index
for the simple reason that enrollment data for science and technology fail to be
representative of the differences and values of the various levels of educational

attainment (degrees) . B., in spite of its constraints, does satisfy the basic
requirements for a measure of an institution's relative output of scientific and
technological manpowerthe allocation of educational resources to science and

technology.
'a The academic budget, consisting of the educational and general income (EGI) ,

is a measure of an institution's affluence and to some degree it can be considered
a measure of its size. Generally, affluence and size both bear a relationship to an
institution's total contribution to education. Total enrollment is a measure of
an institution's contribution to higher education only as it relates to the total
number of individuals receiving educational benefits. It fails to distinguish
among undergraduate, graduate, and advanced degree education, neither does it
recognize research. The institution's budget, however, also fails to distinguish
among the manpower elements of education, but it at least is an integrated
measure of all the elements of an institution's commitment or investment in
education expressed in terms of dollars. The budget, then, is a better measure of
an institution's absolute contribution to higher education. When combined with
enrollment data, it has complementary value and can, therefore, serve as a tool
for measuring total contribution to higher education.

'When used together these data not only 'reinforce each other, they add
another dimension to systems of measurement dealing with institutional size
and educational contribution. Accordingly, the EGI (the academic budget) is
used here as a measure of an institution's own contribution to higher education,
and in part as a measure of its affluence. Combining the educational and genera/
income with Federal funds for academic science (EGI -F FFAS) results 'in a
term which represents the institution's total contribution to higher education
(institutional income) This.institutional income serves as one leg of the ratio.

Federal funds statistids are used here as the absolute measure of the level or
size of Federal academic science programs. (Not infrequently they are used as
an absolute measure of an institution's science quality, and in lieu Of grant-
contract research funds.) Federal funds data, however, do not readily serve as
a measure of the impact or the influence of theFederal Government on the
institution, unless they are used in conjunction with a noimalizer or used in
comparative terms- In other words, such data must be noimalized to account
for the institution's absolute size and affluence or to acCount for its output or
total contribution to science education. As stated earlier, total insitutional
income can serve in this capacity. The use of the other absolute measure of size
or contribution to total educationtotal enrollmentis less than satisfactory
because it is not a measure of contribution and it makes no distinction for the
various levels of higher education or the degree to which it contributes to edu-
cation quantitatively or qualitatively. In this case institutional income
EGI -F FFASat least is a measure of an institution's own commitment or
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investment in higher education (inchlding research) . and, it does have a
reference to total productivity in science and education. Therefore, in con-
structing the ratio that is to serve as an index of the Federal impact on the
totality of an institution's productivitY in higher educationresearch and edu-
cationtotal institutional income is used as the denominator and Federal funds
for academic science as the numerator-

The measure RA, has some of the same constraints inherent in R.. and
Federal funds are obligations and contain all the limitations of obligations, and
the academic component of the institutional income (EGI) is not an ideal nor
an absolute measure of the institution's oPerating budget. The academic budget
(EGI) , nevertheless, appears to be the best type of data available, and even with
all its impreciseness, it does give Gine an absolute and integrated measure of an
insdtution's contribution (investment) to education. Federal funds do satisfy
the required research component of total institutional income. R.5 does contain
common terms in both the numerator and denominator (dollars) , and, as an
hide-, is sufficiently hard so as to Measure adequately the Federal impact
phenomenon.

Rfd is a straightforward expression except for the denominator S&T DP. Here as
with R., the S&T DP value is limiting because of the constraints inherent in
the weighting system. The S&T DP unit does, however, fulfill the requirements
of comparability, for each science 2nd tedumlogy degree value has a common
derivation, the bachelor's degree, and as such lends strength to the use of Rrd as
an index of impac of Federal funds_

43 Although the R is not an absolute Measure and does not distinguish between
large and small institutions, the assurttption can be made with some degree of
certainty that small institutions cannot bave high R. 'values and that large insti-
tutions cannot have very small R's It apPears that an institution must reach a
critical mass in total size (total enxolluseut) to sustain a graduate program of
any appreciable magnitude. There are inarty exceptions, of course, e.g., Rocke-
feller University and Claremont Graduate Center and University. Institutions
with highly developed graduate progams also tend to be the larger institutions.

"The Federal funds for academic science total reported kr is higher than the
figures reported in the NSF publication Federal Funds Research, Develop-
ment and Other Scientific Activities'. bY 17 percent (Table C-4) , well within
the agreement expected. The FFA.S data cover more than just the research
component of academic science. The refelence study is restricted to research;
Federal funds for academic science include research, scienee education, science
information, and institutional base grant funds. The data reported for both
studies exclude plant and contract research centers. However, FFAS data do
include plant associated with the development of specialized facilitiescomputer
and nuclear research centers. FFAS data are higher in each of the agency obli-
gations compared, as they should be, excePt- for the estimate of the U.S. Depart-
ment of Defense and the National Aeronantics and Space Administration. The
discrepancies (DOD and NASA) are not to be minimized, but they do not
affect the analysis dealing with Federal iMpact on academic science. They do,
however, affect estimates dealing with Dab and NASA contribUtions to liberal
arts colleges and the less affluent institutions.

" Gerard Piel, 'Tederal Funds and Science Education," Bulletin of Atomic Scien-.
fists, p. 10, May 1966.

"Meharry College is not included in the study population of degree-accredited
institutions.27 Accordingly, the statewent referring to the production of gradu-
ates in medicine applies specifically to the study population.

Howard University, through the iTS. Department of Health, Education, and
Welfare, receives a direct appropriation from the Congress-

103



"Earl J. McGrath, The Predominantly Negro Colleges and Universities in Transi-
tion. Teachers College, Columbia University, 1965.

" Within these first 100 institutions, there are three institutions that are nonpro-
ducers of the doctoral degree in science and technologythe University of
Puerto Rico, Dartmouth College and Seton Hall College. Dartmouth recently
instituted a doctorate program in science, even though no degree data were
reported for the year 1962-1963. The other two institutions appearing in the
sample of 100, seem to be there because of their dominant medical schools.
Rockefeller University is the only institution in the group without a bachelor's
or master's degree program; the University of California at San Diego is the
only institution without a baccalaureate program.

" Allan M. Cartier. An Assessment of Quality in Graduate Education. American
Council on Education, 1966.

56 James A. Perkins. The University in Transition. Princeton University Press,
Princeton, New Jersey, 1966.

"Nowhere ill this paper is there a discussion of geographic and regional distribu-
tion of Federal funds, although the evidence from tabulations madc, indicates
that Fedend funds correlate Well with population, with regional and State
appropriations for -total and higher education, with the internal revenue collec-
tion, and with personal income. The discussion here has been limited to Fed=a1
funds and the academic institution, for it is the academic institution (not land
mass) that is determinative with respect to manpower productivity and scholar-
ship (research) and that bears the burden and carries the responsibility for
science education and scientific research. In fact, it is the people within these
institutions, faculty and students, that are affected by and in turn affect Federal
funds, the institution acting only in the capacity of the vessel for the conduct
of scholarship and the storage and dissemination of knowledge.
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Table CCComparison of Federal Funds for Academic Science Data
to Data Reported in Federal Funds for Research, Development

and Other Scientific Activities for Fiscal Year 1963
[Dollar, in thousands]

Fedeml Agencies

Federal Funds
for

Academic Science

Federal Funds for
Research and Development

at Educational
Institutions Proper

S1,099,481 $851,094

Department of Defense 199,400 210,203
National Aeronautics and Space

Administration 42,122 78,178
Atomic Energy Commission 62,244 57,724
U.S. Public Health Service 499,527 350555
National Science Foundation 227,323 107,509
U.S. Office of Education 19,680
U.S. Department of Agriculture 41,697 40,586
U.S. Department of Interior 3,767
U.S. Department of Commerce . - Z780
Other 7,4881

l Department of Interior aad Commerce funds are included in this value for "Other."
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Table C-7.Profile of Degree-Accredited Institutions Receiving Federal
Support for Academic Science by Agency

Institutions SuppOrted

Number

Percent of

Study
Population

Those
Supported

Total 711 67.0
DOD 185 17.4 26.0
NASA 121 11.4 17-0
AEC 168 15.8 23.6
USPHS 39e 37.4 56.0
NSF 648 60.9 91.1
USOE 186 17.5 26.2
USDA 57 5.4 8.0
Other 91 8.6 12.8
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Table C-10.-Academic Institutions Receiving in Excess of Forty Percent
of Total Income From Federal Funds for Academk Science

FFAS
Rank
Order Control Class Rh? Re3 R.,4

Columbia University 1 Private A-M I 0.483 0254 0.152
Massachufttts Institute of

Technology 2 Private A- .687 .394 .523
Stanford University 6 Private A-M .400 322 .317
University of Chicago 8 Private A-M .524 .347 240
Johns Hopkins University 10 Private A-M .614 .190 .143
Washington University 23 Private A-M .417 .143 .094
Duke University 24 Private A-M .414 .158 .193
University of California at

San Diego 27 Public A .629 1.000 210
Western Reserve University 30 Private A-M -433 .323 .129
Yeshiva University 32 Denom. A-M .580 213 .175
California Institute of .Technology 33 Private A .520 .481 .639
Baylor University 46 Denom. A-M .609 .087 .175
University of Oklahoma 47 Public A-M .407 .137 .114
Emory University 61 Denom. A-M .405 .120 .207
Carnegie Institute of Technology 63 Private A .401 .177 .202 .
Polytechnic Institute of Brooklyn 70 Private A -450 . .494 .221
Case Institute of Technology 75 Private A .414 .356 .281
Stevens Institute of Technology 109 Private A .423 .432 .347
Hahnemann Medical College 111 Private A-M .506 .180 .782
Union College and University 115 Private A-M .425 .113 .204-
Georgia Medical College 125 Public A-M .434 .193 .792
South Carolina Medical College -.. - . 135 Public A-M .416 .186 .775

1M Medical Education Associate&
2 Rfe = Federal funds impact index.
3 R. = Graduate education index.
4 E = Science education index.
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